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Introduction 


ancer will affect half the 
global population by 
2050. By then it will be by 


far the most common cause of 
death. On World Cancer Day 
2022, the UK Health Minister, 
Sajid Javid, announced an 
ambitious ten-year plan to 
elevate to UK’s cancer care 
system to ‘the best in Europe’. 
Borrowing from U.S. President 
Richard Nixon's ‘War on Cancer’ over half a century earlier, the 
UK Government pledged a range of priorities, from improving 
early diagnosis to boosting research on MRNA vaccines and 
re-doubling efforts to increase the cancer workforce. 


Is 


Despite the bold platitudes, cancer remains one of the UK’s 
greatest public health challenges. In 2023, cancer waiting 
times in England were the worst since records began, with 
the Less Survivable Cancers Taskforce finding that the UK is 
near the bottom of the pack on cancer survival rates in the 
developed world. Where the UK lags in diagnosis, it fails to 
compensate in treatment. A recent report found that 
innovative cancer drugs face major delays in getting to 
patients and proton beam therapy is severely rationed with 
no plans for expansion. 


While global cancer incidence is expected to nearly double 
to 35 million cases worldwide by 2050, this trend will 
intersect with a disease management landscape that is 


rapidly evolving. Owing to recent developments in 
computing power, artificial intelligence has increasingly 
been deployed in clinical settings, accelerating 
advancements in drug discovery and development, 
diagnosis, treatment, and patient management. In this 
highly dynamic and uncertain environment, the horizon 
scanning necessary to make effective long-term decisions 
for the future of cancer care can prove particularly 
challenging. 


Vision 2050 emerges as a groundbreaking document to 
help bridge this gap, providing a peek over the horizon with 
the hope of better equipping policymakers, biomedical 
innovators and healthcare managers to make decisions for 
the future of cancer care. This report leverages the 
collective intelligence of leading Al systems—ChatGPT 4, 
Google Gemini, and Claude.ai—enhanced by the expertise 
of cancer specialist Karol Sikora. Together, they offer a 
vision of cancer care’s evolution by 2050. With insights 
refined by Aland human expertise, the report not only 
forecasts technological advancements but also 
anticipates shifts in patient care paradigms, focusing on 
accessibility, equality, and cultural sensitivity. This 
introduction serves as a gateway to a document that 
embodies a multidisciplinary endeavour to envision a 
future where cancer care is more effective, personalized, 
and inclusive, guided by the latest in Aland medical 
insights. 


Danny Al-Khafaji, Future Medicine 


Cancer Futures: 
Vision 2025 


Introduction 


| ee ee ae eee ee eee 


care for nearly 50 years. 
From my days as a young 

registrar at St Batholomew’s 

Hospital in London, I've 

worked in a diverse range 

of areas of cancer. | have 

been involved in research, 

published over 500 papers, 

= written 20 books on the 

subject and edited Britain’s standard postgraduate 
textbook on the treatment of cancer for 35 years. I've been 
a consultant oncologist in the NHS for 45 years, been clinical 
director of a major cancer centre in West London and 
treated countless of patients. | was the creator and 
founding dean of the University of Buckingham Medical 
School. I've been an adviser to big pharmaceutical 
companies, been on the board of major cancer charities 
and built several cancer centres in the UK and around the 
world. I've also witnessed first-hand the plight of cancer 
patients in some of the poorest countries of Sub-Saharan 
Africa when working as Director of the WHO Cancer 
Programme. 


| ‘ve specialised in cancer 


I've always viewed Al with great suspicion. But it has arrived 
and is here to stay. This is my first interaction with it. |am truly 
amazed at its power - beyond anything | imagined. We all 
know there is a severe ability gradient with age for 
computers, mobile phones, and Al use. My eleven-year-old 
grand-daughter is far faster and wiser in using them than an 
aging physician like me. This experiment arose after much 
discussion with Danny Al-Khafaji and James Drake at the 
Future Medicine group. 20 years ago, | organised a meeting 
of cancer experts at a delightful riverside hotel just outside 
Henley-on-Thames to predict the future of cancer care. It 
was published in 2004 as a special issue of their journal. 


This offering is the same concept but with a major 
difference. The experts are not human but three Al engines. 
No pleasant drinks by the river, heated discussions over 
delicious meals or philosophical, futuristic conversations 
after midnight took place. | have asked fifty questions to the 
three large language models that dominate the Al space. 
Here are their answers, lightly edited by myself, simply to 
avoid their repetition and rather staccato dialogue. No 
single engine was best for all the answers it gave. All three 
were scrupulously polite and | thought extremely honest 
about their limitations at predicting the future. They also 
surprised me by their concern with inequalities in access to 
healthcare. 


Futurology is just fascinating. The trouble for both human 
and Al experts is that we all see more of the same — a sort of 
continuum of progress. But the future is simply not like that 
— there will be totally unpredictable step changes in 
progress. No computer could have foreseen the 
development of CT scanning in 1972, the emergence of the 
now familiar PCR test for tiny specific DNA fragments in 1986 
or the total sequencing of the human genome in 2003. The 
same applies to the vast array of specific tyrosine kinase 


inhibitors and monoclonal antibodies we now use routinely 
for cancer. But here we have a synthesis of Al wisdom giving 
us a vision of cancer care in 2050. 


| feel like the little old man behind the curtain in the 1939 
classic film The Wizard of Oz. | saw it when | was six years old 
and remember vividly being frightened out of my skin by 
the Wizard himself - a fierce looking but rather primitive 
computer who blared out the correct answer to any 
question. Dorothy played by Judy Garland, dares to 
challenge the Wizard: 


Dorothy: Who are you? 

The Wizard of Oz. Who, ah, ah... |am the Great and 
Powerful... Wizard, of Oz. 

Dorothy: YOU are? | don’t believe you! 


My fear dissolved when she drew back the curtains and 
revealed a little old man shouting the answers down a 
megaphone, but! still get nightmares about the Wicked 
Witch of the East. This is different — | am not the author of the 
answers — simply the translator and editor. I’m the old man 
with the megaphone but shouting the computer's answers. 


We both would be most interested on your feedback. We 
plan to produce bespoke horizon scanning using the same 
methodology to drill down the future of all the components 
that will bring change to how we prevent, diagnose and 
treat and care for cancer patients. 


Karol Sikora, Consultant Editor 
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Whatare the predicted changes in 

cancer incidence in the world’s regions? 

Globally, the number of new cancer patients each year is 
expected to rise from 18m in 2023 in a population of 8n 
people to 35m by 2050 in a population of 10bn people - a 
77% increase. This is primarily due to the aging of the 
population since the risk of cancer increases considerably 
with age. Also, as life expectancy increases globally, more 
people will live long enough to develop cancer. The 
increase in cancer incidence may be more pronounced in 
developing countries. This is partly due to these countries 
undergoing rapid societal and economic changes, leading 
to lifestyle patterns (such as diet, physical activity, and 
tobacco use) that are associated with higher cancer risk. 
Additionally, these regions are experiencing improvements 
in healthcare infrastructure and access, leading to better 
detection and reporting. Even if dramatic lifestyle changes 
occurred immediately, it would take many years for any 
change to be reflected in the overall cancer burden. The 
numbers are simply locked into our future, certainly over a 
25-year span. 


Impact of lifestyle and environmental factors: 
Changes in lifestyle, such as increased consumption of 
processed foods, physical exercise, alcohol use and obesity 
profoundly affect the epidemiology of cancer. 


Unfortunately, there is not enough information to predict 
specific annual changes in the number of cancer patients 
by world region. Some general points: 


Growth rates of cancer incidence will likely differ 
significantly across regions based on population aging, 
adoption of unhealthy lifestyles, early detection capacities 
and case notification. Developed regions may see slower 
increases in annual cases with population stabilization, but 
with a higher cost of treatment per case. Lower-middle 
income regions could see rapid 
Es rises in new cases given 
66 While a global growing and aging populations. 
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more than doubling by 2050 due to increasing population 
and urbanization. 


Asia: Expected to face the highest absolute number of new 
cases due to its large population, although the annual 
increase might be lower than Africa. 


Latin America and the Caribbean: A 
projected moderate increase, 
influenced by aging populations 
and lifestyle changes. 


6¢ The COVID-19 
pandemic has led 
to delays in 
diagnosis that 
cannot reliably be 
predicted in 
different 
healthcare 
systems, 99 


Europe and North America: Slower 
increase due to already 
advanced healthcare systems 
and stabilizing populations, 
though still significant due to 
aging populations. 


Oceania: The smallest increase 

due to a low and slow-growing 
population, but still facing challenges due to existing 
disparities in access to healthcare. 


Regional variation: The annual changes will vary based on 
the types of cancer prevalent in each region. For example, 
lung cancer might show a higher increase in areas with 
high smoking rates, while physical inactivity, and the 
ongoing high rates of smoking in certain regions, can lead 
to an increase in certain types of cancers. Environmental 
factors, including pollution and exposure to carcinogens, 
also play a smaller but significant role. 


In regions with robust cancer screening and prevention 
programs, there might be an initial increase in reported 
cancer cases due to improved detection. Over time, 
however, these programmes can lead to a decrease in 
certain types of cancers, as seen with cervical cancer and 
the impact of HPV vaccination. The types of cancers that 
are most prevalent can vary by region due to genetic, 
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environmental, and lifestyle factors. For instance, gastric 
cancer is more common in East Asia, while colorectal 
cancer rates are much higher in Western countries. 


The COVID-19 pandemic has led to delays in diagnosis that 
cannot reliably be predicted in different healthcare 
systems. Income level, healthcare access, and lifestyle 
choices significantly impact cancer incidence. Low-middle 
income countries will face steeper increases due to limited 
awareness, prevention resources, and treatment options. 
Regions with a rapidly aging population, like Europe and 
parts of Asia, will likely see a bigger rise in incidence due to 
the increased risk associated with age (Figure 1). 


Which countries currently have a higher and lower 
than average cancer incidence for the four common 
types and how will this change? 


Breast Cancer 

Higher incidence: Developed countries, particularly in North 
America and Western Europe, tend to have higher rates of 
breast cancer and this will continue. This is often attributed 
to lifestyle factors, reproductive behaviours (having fewer 
children and having them later in life), and widespread 
screening programs that lead to early detection. 


Lower incidence: African and Asian countries generally have 
lower rates of breast cancer. However, these rates are 
increasing as these countries undergo economic 
development and adopt Western lifestyle patterns. Making 
sound predictions would require granular data on risk 
factors, demographics, detection rates, and health systems 
for each major country over the target time-frame. 


Lung cancer 

Higher incidence: High income countries like US, Europe, 
Japan and East Asia with historically high smoking rates, 
and in some areas, air pollution. 


Lower incidence: Sub-Saharan Africa and parts of South 
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America have lower lung cancer rates, which can be 
correlated with lower smoking rates and other 
environmental factors. The incidence of lung cancer will 
decline in countries with effective tobacco control such as 
North America and much of Europe. 


Prostate cancer 

Higher incidence: North America, the Caribbean, and 
Northern Europe see higher rates of prostate cancer, partly 
due to widespread screening practices using serum 
prostate specific antigen (PSA) that lead to early detection. 


Lower incidence: Asian countries generally have lower rates 
of prostate cancer.: Global trends in prostate cancer 
incidence will likely be influenced by changes in screening 
practices and the aging population. By 2050, these trends 
may shift due to various factors including screening tests 
with greater sensitivity and specificity. 


Colon cancer 

Higher incidence: North America, Europe, and Australia 
have higher rates of colorectal cancer, which are often 
linked to dietary factors (high consumption of red and 
processed meat, low fibre intake), obesity, and sedentary 
lifestyles. 


Lower incidence: African and South Asian countries have 
lower rates, though these rates are rising with the adoption 
of Western diets and lifestyle changes (Figure 2). 


Which of the OECD countries have the best 
outcomes for common cancers? 

When evaluating “best outcomes,” it’s important to 
consider several indicators, including survival rates, 
mortality rates, and the quality-of-life post-treatment as 
well as life years lost. Here’s an overview of OECD 
(Organisation for economic co-operation and 
development) countries generally recognized for their good 
cancer outcomes for the four most common cancers 
(breast, lung, colorectal, and prostate): 
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Based on data from the OECD, a few countries stand out as 
having some of the best outcomes for common cancers. 
Iceland, Japan, and South Korea tend to have very high 
5-year relative cancer survival rates across all four major 
cancer types. Determining the “best” outcomes for 
common cancers across OECD countries requires 
considering multiple factors, as there’s no single metric. 
However, based on several key indicators, some countries 
generally perform well: 


High 5-year survival rates 
Denmark: Achieves top rank for breast, colorectal, and 
prostate cancer survival. 


Japan: Excels in stomach and oesophageal cancer survival 
which can be attributed to early detection programs, 
advanced medical technology, and a healthcare system 


that provides universal 
————— 


coverage. 
6¢ When evaluating 
“best outcomes,” it’s 
important to 
consider several 
indicators, 
including survival 
rates, mortality 
rates, and the 
quality-of-life post- 
treatment as well as 
life years lost. °° 


South Korea: Has made 
significant strides in cancer 
outcomes, especially in 
stomach and liver cancers. 
This is partly due to widespread 
screening programmes and 
advances in medical 
technology. 


Australia and New Zealand: 

Both countries show strong 
outcomes in cancer treatment, 
particularly for melanoma and 
breast cancer. These outcomes 
are supported by comprehensive cancer control programs 
and high-quality healthcare systems. 


Scandinavian Countries (Norway, Sweden, Denmark, Finland): 
These countries are known for their efficient healthcare 
systems and high cancer survival rates, particularly for 
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prostate and breast cancer. Sweden prioritizes patient 
autonomy and shared decision-making in cancer care 
delivery. 


Canada and the United States: These countries typically have 
high survival rates for various cancers, indicate the 
percentage of patients who are still alive 5 years after their 
diagnosis compared to the general population. Their rates 
range from around 80-95% for some cancers. Interestingly, 
the United States lags despite highest spending - an 
example of how greater health expenditures don’t always 
correlate with public health performance 


Switzerland: Also performs very well, with 5-year survival 
rates consistently above the OECD average. For example, 
Switzerland's survival is 87% for breast cancer and 66% for 
lung cancer. In general, the European countries with strong 
universal healthcare systems tend to have the most 
impressive outcomes. 


Netherlands: Demonstrates active colorectal and cervical 
cancer screening initiatives. 


Germany: Offers a sophisticated healthcare system with 
high-quality cancer treatments. 


UK: Performs surprisingly badly in terms of survival despite 
having excellent universal coverage. The reason for this 
seems to be significant delays caused by poor system 
access and under capacity of diagnostic facilities and not 
the quality of actual treatment. 


It’s important to note that performance may vary by specific 
cancer type and individual circumstances. Additionally, 
factors like healthcare costs, sociodemographic inequalities, 
and geographic disparities can influence outcomes within a 
country. Considering all these factors, it’s difficult to pinpoint 
a single “best” performer. However, the identified countries 
generally demonstrate a combination of successful 
prevention, early detection, advanced treatment access, 
and comprehensive care, leading to positive cancer 
outcomes for their populations (Figure 3). 


How will novel cancer preventive strategies impact 
on the overall epidemiology? 

Novel cancer preventive strategies are poised to 
significantly impact the overall epidemiology of cancer in 
several ways. By reducing the incidence of new cancer 
cases and potentially lowering cancer mortality rates, these 
strategies can lead to profound shifts in cancer trends 
globally. Here are key areas where these impacts may be 
most evident: 


Reduction in cancer incidence 

* Advances in genetic testing and personalized risk 
assessments can lead to targeted prevention strategies for 
individuals at high risk. 

+ Improved lifestyle interventions, including diet, exercise, 
and smoking cessation programs, can decrease the 
incidence of cancers linked to these risk factors. 
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Primary prevention: Strategies like vaccines for HPV and HBV, 
reducing tobacco use, and regulating carcinogenic 
exposures could drive down incidence of certain cancers. 
Models show primary prevention could prevent 50% or 
more of cancer cases. 


Secondary prevention: Innovations in early detection through 
blood tests, Al imaging, nano-sensors and more 
personalized screening could allow earlier intervention, 
stopping progression to a malignant process for many 
patients. The potential impact of novel cancer preventive 
strategies on overall epidemiology is diverse and 
promising, but also complex and challenging to predict. 
Here’s a breakdown of potential effects: 


6¢ Strategies like 
vaccines for HPV and 
HBV, reducing tobacco 
use, and regulating 
carcinogenic 
exposures could drive 
down incidence of 
certain cancers. 
Models show primary 
prevention could 
prevent 50% or more 
of cancer cases. 9° 


Reduced cancer incidence: 
Effective interventions could 
lead to a significant 
decrease in the number of 
new cancer cases across 
various types. This could be 
achieved through primary 
prevention - targeting 
modifiable risk factors like 
smoking, unhealthy diet, 
and obesity through lifestyle 
interventions, dietary 
modifications, and 
vaccination (e.g., HPV 
vaccine for cervical cancer). 
Implementing advanced 
screening technologies and 
personalized risk assessment models to identify 
precancerous lesions and early-stage cancers will allow 
timely intervention and significantly improved prognosis. 


Chemoprevention: Utilizing medication or dietary 
supplements to prevent or delay the development of 
cancer in individuals at high risk. Widespread vaccination 
programs, like those for Human Papillomavirus (HPV) to 
prevent cervical and other cancers, can lead toa 
significant reduction in cancer incidence. 


Early detection and intervention: Novel screening techniques, 
including liquid biopsies and advanced imaging 
technologies, can detect cancers at earlier stages when 
they are more treatable. Early intervention in pre- 
cancerous conditions can prevent the progression to 
full-blown cancer Mortality from cancer will decrease with a 
reduction in the number of advanced cancer cases 
through early detection and prevention. Improved survival 
rates will follow. 


However, the epidemiologic benefit assumes equitable 
implementation across populations, overcoming barriers 
due to cost, health literacy, geography, tech access and 
trust. Thus, effective policy, regulation and health system 
advance are equally crucial to unlock the full potential of 
rapidly advancing prevention science. If cutting-edge 
primary, secondary and tertiary strategies can be made 
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accessible globally, models estimate an over 50% reduction 
in mortality are realistically attainable. Improved survival 
rates will also be generated by novel approaches to 
metastatic cancer. Targeted therapies to specific mutations 
or molecular pathways unique to specific cancer types will 
lead to more effective and less toxic treatment options. 
Harnessing the immune system to recognize and attack 
cancer cells, already offers a promising approach for some 
cancers that previously had limited treatment options. 
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Healthcare resource allocation: Effective prevention strategies 
can reduce the burden on healthcare systems by 
decreasing the need for expensive, late-stage cancer 
treatments in some cancers, bending the growth curves 
sharply downward by 2050. But without thoughtful access 
promotion, advances may worsen disparities. Getting 
game-changing prevention to all populations should be 
the focus to alter cancer’s future epidemiology. Population 
and socioeconomic background are crucial. Addressing 


Republic of Korea 


China 
Thailand 


Malaysia 


Republic of Korea 


China 
Thailand 


Malaysia 


Numbers and Trends 


ae) ee ee ee eee eee 


health disparities and fostering trust in healthcare systems 
are the key to maximizing the impact. The long-term 
effectiveness and potential side effects of some novel 
strategies require careful monitoring and evaluation. 
Continuous research and development are essential to 
optimize and refine preventative interventions. Issues 
surrounding informed consent, genetic testing, and data 
privacy need careful consideration when implementing 
novel strategies. Balancing individual autonomy with public 
health benefits will continue to be an ongoing challenge. 


Overall, while the potential for novel cancer preventive 
strategies to revolutionize epidemiology is significant, their 
successful implementation necessitates a multifaceted 
approach addressing social, economic, and ethical 
considerations alongside scientific advance. Resources 
can be reallocated to other areas of healthcare, including 
further research into prevention and early detection. The 
impact of novel preventive strategies may vary globally, 
with high-income countries seeing more immediate 
benefits due to better access to healthcare and 
technology. Efforts will be needed to ensure low-middle 
income countries also benefit from advances in cancer 
prevention. Governments and health organizations may 
shift focus to implementing policies that promote healthy 
lifestyles, environmental protection, and access to 
preventive healthcare services. 


In summary, novel cancer preventive strategies hold the 
potential to substantially alter the landscape of cancer 
epidemiology, reducing both the incidence and severity of 
cancer, and improving overall survival rates. 


How will the life-years-lost to cancer change? 
Estimating life years lost (LYL) due to cancer involves 
comparing the expected lifespan of individuals without 
cancer to those diagnosed with cancer. The LYL due to 
cancer can be a powerful measure of the disease’s impact 
on mortality, reflecting not just the number of deaths but 
the age at which those deaths occurred and the potential 
years of life that are lost as a result. Detailed, up-to-date 
global statistics on life years lost to cancer are not readily 
available in a consolidated form, as they can vary 
significantly by region, type of cancer, age at diagnosis, 
and over time due to changes in cancer incidence, survival 
rates, and population demographics. However, | can 
discuss general trends and factors that could influence 
how LYL due to cancer might change in the future: 


Cancer incidence and mortality rates: If the incidence of high 
mortality cancers increases, or if survival rates for major 
cancers do not improve, LYL could increase. Conversely, if 
prevention, early detection, and treatment continue to 
improve, leading to lower mortality rates, LYL could 
decrease. 


Aging populations: Most cancers are more common in older 
people. Unfortunately, | do not have enough context or 

details to provide a specific projection on life years lost due 
to cancer. Some factors that would help make a projection 
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would be current life expectancy and cancer mortality rates 
by country. Life years lost is typically calculated based on 
the difference between life expectancy and age at death 
from cancer. Having current baseline data is therefore 
important. Cancer incidence and survival rate trends. 
Understanding historical trends and forecasts for cancer 
cases and outcomes would inform a projection. Survival 
rates have been improving for many cancers with 
advances in screening and treatment. 


Demographic shifts: Aging populations in many countries 
contribute to more cancer diagnoses. Population growth in 
developing countries also impacts cancer rates and hence 
life years lost. 


Lifestyle and risk factors: Trends related to smoking, obesity, 
environmental exposures may increase or decrease 
certain cancer rates. So, a comprehensive projection 


would synthesize data and 
aa 


models around demographics, 
66 Novel cancer cancer statistics, risk factors, 
preventive 
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Current situation: Globally in 2019, 
an estimated 250 million 
disability-adjusted life years 
(DALYs) were lost due to cancer, 
with 96.9% attributed to life years 
lost. This translates to roughly 2.5 
million years of life lost to cancer 
each year. The burden varies 
across regions. Low-middle 
income countries experience a 
higher proportion of the global 
cancer burden despite having lower incidence rates. There 
is of course considerable variation by cancer type. Lung 
cancer contributes the most LYL globally, followed by colon 
and breast cancer. Lung cancer is common, occurs in 
relatively young people and has poor outcomes even at 
early stages. However, cancers with lower incidence rates 
can have a significant impact, especially if they affect 
younger individuals. 


Predicting the future: Predicting future trends in life years lost 
due to cancer is complex. Several factors play a role: 


Improved preventive measures: such as early detection 
and lifestyle changes could reduce cancer incidence and 
improve survival rates, leading to fewer LYL. 


Advances in treatment: Effective therapies and personalized 
medicine could extend older adults. As the global 
population ages, the number of cancer cases and 
potentially the LYL due to cancer could increase, even if the 
age -specific incidence rates of cancer remain stable or 
decline. 
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Improvements in cancer treatment: Advances in personalized 
medicine, Immunotherapy, targeted therapies, and early 
detection have improved survival rates for many cancers. 
Continued progress in these areas could lead to further 
reductions in LYL by extending the lives of people with cancer. 


Dispari inacc Access to cancer prevention, screening, 
and treatment services, both within and between countries, 
can affect cancer survival rates and, consequently, LYL. 
Efforts to reduce these disparities could lead to significant 
reductions in LYL due to cancer. 


Population aging: As the global population ages, the overall 
number of cancer diagnoses and deaths is likely to 
increase, potentially offsetting gains from prevention and 
treatment. 


Socio-economic fac : Access to healthcare, lifestyle 
choices, and environmental factors can significantly 
impact cancer burden. Addressing these inequalities is 
crucial for reducing disparities in LYLs. 


Therefore, the future of life years lost due to cancer is frankly 


health initiatives. Such analyses would likely require 
complex statistical or computational models and could be 
subject to significant uncertainty, especially regarding 
future breakthroughs in treatment or changes in societal 


behaviour patterns. 
©¢Challenges and 
considerations to 
ensure equitable 
access to novel 
preventive strategies 
across various 
intervention can shift 
cancer towards being 
a manageable 
chronic disease 
rather thana fatal 
one. °° 


Lower cancer incidence and 
improved survival rates could 
translate to a significant 
reduction in the overall 
healthcare burden related to 
cancer. This could include 
decreased cancer treatment 
costs, reduced pressure on 
medical resources, and 
improved quality of life for 
patients and their families. 
Challenges and 
considerations to ensure 
equitable access to novel 
preventive strategies across 
various intervention can shift 
cancer towards being a 


very uncertain. It depends on numerous interconnected 
factors, with the potential for both positive and negative 
developments. lead to earlier detection of cancers at 
stages when they are more treatable, potentially reducing 
LYL. To forecast changes in LYL due to cancer, one would 
need to model these and other factors, taking into account 
regional differences, anticipated advancements in medical 


manageable chronic disease rather than a fatal one. There 
will be a shift in cancer types as certain types of cancers 
become less common due to effective prevention (e.g. lung 
cancer with reduced smoking rates), the relative prevalence 
of other cancer types may increase. The aging population 
might lead to an increase in cancers more common in older 
age groups, so actually reducing the LYL simply because of 


science, and potential shifts in health policies and public 


reduced natural life expectancy in the older population. 
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Will novel markers of cancer risk be identified? 
The possibility of identifying novel markers of cancer risk 
and using them for early detection, correction, and 
monitoring, analogous to how serum cholesterol and 
statins are used in preventing ischemic heart disease, is a 
promising area of ongoing research in cancer prevention 
and treatment. Here’s how this could potentially unfold: 


Identification of noyel biomarkers: Ongoing research is 
increasingly focusing on identifying genetic, proteomic, and 
metabolic markers that can indicate an increased risk of 
developing specific types of cancer. Liquid biopsies, which 
detect circulating tumour DNA (ctDNA) or other cancer- 
related biomarkers suggests that the discovery and 
validation of novel markers for cancer risk holds significant 
promise for strategies analogous to cholesterol screening 
and statin drugs for heart disease prevention. Key parallels 
include advances in omics research, especially proteomics 
and metabolomics, more sensitive and specific circulating 
markers tied to cancer cell replication, progression or 
recurrence risk are actively being pursued. These could 
function similarly to LDL cholesterol. 


Screening standardization will be necessary with 
appropriate guidelines. The identification of novel markers 
for cancer risk holds immense promise, potentially 


revolutionizing cancer prevention and early detection in 
ways similar to cholesterol for ischemic heart disease and 
HbAIC for late onset diabetes. 


Early identification: Both cholesterol and potential cancer 
markers offer opportunities to identify individuals at 
increased risk before the onset of clinical symptoms. Similar 
to how statins target cholesterol to lower heart disease risk, 
novel cancer interventions could be developed based on 
specific risk markers. This could involve lifestyle 
modifications, targeted chemoprevention, or even 
personalized early detection strategies. 


Monitoring and risk reduction: Just like monitoring 
cholesterol levels guides statin treatment, tracking cancer 
risk markers could enable continuous monitoring and 
adjustments to preventive strategies, potentially reducing 
cancer risk over time. Individuals identified as high-risk 
could be monitored more closely and receive early 
interventions. Lifestyle modifications, chemoprevention 
(use of natural or synthetic substances to reduce cancer 
risk), and other targeted interventions could be employed 
much like statins in cardiovascular disease. 


Early detection and treatment: Early detection of cancer, 
facilitated by to establish optimal screening ages, 
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frequencies and biomarker thresholds for intervention by 
cancer type, akin to cholesterol guidelines. A centralized IT 
rich infrastructure with care pathways tied to biomarker 
profiles can facilitate monitoring at scale. Preventative 
interventions - pharmaceuticals or lifestyle changes can 
potentially be tailored to biomarker profiles to delay, reduce 
risk of, or prevent cancers altogether. Immune modulators 
and epigenetic drugs are early candidates, much like 
statins. Adherence support systems and supply chain 
management will be the key to success. 


Digital integration: To enhance efficacy, biomarker 
screening programs should interface with personal 
electronic health records, diagnostic systems, diagnostic 
pathways and personal mobile phones. It is likely that 
certain cancer risk markers would potentially be more 
specific for certain cancer types, allowing for more targeted 


interventions compared to 
Eas) cholesterol’s broader association 
€¢Given the role 


with cardiovascular disease. 
of metabolism in 
cancer 
development, 
drugs that 
modulate 
metabolic 
pathways could 
be used for cancer 


Multifactorial nature: Cancer risk is 
influenced by a complex interplay 
of genetic, environmental, and 
lifestyle factors. Novel markers 
could capture this complexity, 
providing a more comprehensive 
picture of individual risk. 
Advances in genomics, 
proteomics, and other omics 
technologies are constantly 
uncovering new potential cancer 
risk markers, offering continuous improvement in risk 
assessment. 


prevention. >° 


Validation and translation: Identifying promising markers in 
research settings is just the first step. Extensive validation 
studies are needed to confirm their accuracy, clinical utility, 
and cost effectiveness before widespread implementation. 
Ensuring equitable access to risk assessment and 
preventive interventions based on novel markers is crucial 
to avoid exacerbating existing health disparities. Labelling 
individuals as high-risk based on markers can have 
psychological consequences, and ethical considerations 
will need public debate regarding these markers. For 
cancer survivors, these markers could be crucial in 
monitoring for recurrence, much like regular cholesterol 
checks in patients with a history of heart disease. 


Challenges and limitations: Overall, the potential for novel 
cancer risk markers to transform cancer prevention is 
significant. While challenges remain, ongoing research and 
development hold immense promise for a future where we 
can identify and address cancer risk with greater precision 
and effectiveness, similar to the impact of cholesterol and 
statins on heart disease. employment discrimination. 
Ensuring equitable access to such testing and subsequent 
preventive strategies will be crucial. 

Cancer is highly heterogeneous, and risk factors can be 
multifaceted, involving genetic, environmental, and lifestyle 
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aspects. This complexity makes finding a universal marker 
challenging. The development of resistance to 
chemoprevention, similar to statin resistance in 
cardiovascular disease, could be a potential challenge. In 
conclusion, while the path to identifying and utilizing novel 
markers for cancer risk is promising and has parallels to the 
management of cardiovascular disease, cancer’s 
complexity means that this approach will likely involve a 
combination of markers and personalized prevention 
strategies. Continued research and clinical trials are crucial 
to realizing this potential. 


What potential drugs will be used to prevent 
cancer? 

By 2050, the approach to cancer prevention is likely to be 
highly sophisticated, personalized, and based on an 
advanced understanding of cancer biology, genetics, and 
epidemiology. Preventive drugs, both existing and new, will 
be tailored to individual risk factors, including genetic 
predisposition, environmental exposures, and lifestyle 
factors. Here are several categories of potential drugs and 
interventions that could be used to prevent cancer: 


Vaccines: Beyond the vaccines already in use for preventing 
virus-related cancers (such as HPV vaccines for cervical 
cancer and hepatitis B vaccines for liver cancer), future 
vaccines could target other viruses associated with 
cancer or even non-viral oncogenic mechanisms. 
Research into therapeutic cancer vaccines that stimulate 
the immune system to attack cancer cells before they 
proliferate could also see vaccines being used as a 
preventive measure in individuals at high risk. The lessons 
learnt from MRNA vaccines during the Covid pandemic 
will be harnessed to preventive strategies to reduce the 
emergence of abnormal growth patterns prior to tumour 
formation. 


Targeted molecular inhibitors: With a deeper understanding 
of the molecular pathways that lead to cancer, drugs 
designed to inhibit these specific pathways could be used 
prophylactically in individuals identified as high risk due to 
genetic or biomarker analysis. This would include inhibitors 
of specific oncogenes known to be precursors in the 
development of certain cancers. 


Metabolic modulators: Given the role of metabolism in 
cancer development, drugs that modulate metabolic 
pathways could be used for cancer prevention. This might 
include drugs that affect glucose metabolism, lipid 
metabolism, or the metabolic interactions between cancer 
cells and the tumour microenvironment. 


Anti-inflammatory drugs: Chronic inflammation is a known 
risk factor for several types of cancer. Drugs that reduce 
inflammation, including advanced non-steroidal anti- 
inflammatory drugs (NSAIDs) or more targeted anti- 
inflammatory agents, could be used to lower cancer risk in 
individuals with chronic inflammatory conditions or a 
genetic predisposition to inflammation-related cancers 
and in those with chronic infection. 
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Epigenetic modifiers: Drugs that influence epigenetic 
changes, such as DNA methylation and histone 
modification, could be used to prevent the epigenetic 
alterations that lead to cancer. This approach could be 
particularly effective in reversing precancerous conditions 
or in individuals with a family history of specific cancers. 


Hormonal agents: For cancers that are known to be 
hormone-dependent, such as certain types of breast and 
prostate cancer, drugs that modulate hormonal levels or 
block hormone receptors could be used preventively. This 
could involve the use of advanced forms of current 
therapies, such as selective oestrogen receptor modulators 
(SERMs) or aromatase inhibitors, tailored to the individual's 
risk profile. A much greater understanding and quantitation 
of an individual's risk will allow the stratification of clinical 
trials leading to accelerated datasets. 


Repurposed drugs: Existing drugs for other conditions could 
be repurposed for cancer prevention in specific 
populations. This could include, for example, metformin 
(originally used for diabetes) for reducing cancer risk in 
obese or metabolic syndrome patients, or statins (used for 
lowering cholesterol) in individuals with a genetic 
predisposition to certain cancers. 


Nutraceuticals and dietary supplements: With advancing 
research, certain natural compounds or dietary 
supplements could be proven effective in reducing cancer 
risk and become integrated into preventive regimens. 
These might target specific pathways known to be involved 
in carcinogenesis or enhance the body's natural 
antioxidant and DNA repair mechanisms. 


Microbiome modulators: Emerging research on the gut 
microbiome and its influence on systemic health suggests 
that modulating the microbiome could play a role in cancer 
prevention. This might involve the use of prebiotics, 
probiotics, or more targeted interventions designed to 
promote a microbiome associated with a lower cancer risk. 


Seno-therapeutics: Novel seno-lytic or seno-morphic drugs 
focused on selective clearance of senescent cells or 
disruption of pro-tumorigenic senescence-associated 
secretory phenotype (SASP) factors could suppress 
inflammation and tissue microenvironments favourable to 
cancer formation. 


Circadian regulators: Chronotherapy approaches will 
leverage time-restricted dosing or drugs tuned to 
modulate circadian rhythms to counter chronic disruptions 
that enable cancer risks from erratic mitogenic, metabolic, 
inflammatory and DNA repair pathway regulation. Given 
trends in immunology, genomic screening, precision 
lifestyle risk targeting and expanding gero-protective 
pipelines, effective multifactorial chemoprevention 
cocktails able to prevent development of aggressive 
cancer in those most prone may arrive well before 2050. 


By 2050, the use of these and other preventive drugs will 
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likely be guided by comprehensive risk assessments that 
incorporate genetic testing, lifestyle factors, and possibly 
continuous health monitoring through wearable 
technology with messaging to personal mobile phones. 
This personalized approach will enable the early 
identification of individuals at high risk for specific cancers, 
allowing for timely and targeted preventive interventions. 


Will food supplements be developed to prevent 
cancer? 

By 2050, it’s highly plausible that advances in nutritional 
science, biotechnology, and personalized medicine will 
lead to the development of food supplements specifically 
designed to prevent cancer. These supplements will likely 
be tailored to individual nutritional requirements, genetic 
predispositions, and environmental factors, offering a more 
targeted approach to cancer prevention. Here’s how the 
evolution of superfoods to prevent cancer might unfold: 


Personalized nutritional supplements: With the growth of 
personalized medicine, nutritional supplements will be 
customized based on individual genetic profiles, 
microbiome composition, and lifestyle factors. This 
personalization will help in addressing specific deficiencies 
or biological pathways that may contribute to an increased 
risk of cancer, making prevention efforts more effective. 


Bioactive compounds: Research into bioactive compounds 
with potential cancer-preventing properties will advance, 
leading to the inclusion of these compounds in dietary 
supplements. These could include phytochemicals, 
antioxidants, vitamins, minerals, and other nutrients that 
have been shown to modulate biological pathways 
associated with cancer development, such as DNA repair, 
inflammation, and cell cycle regulation. 


Synthetic biology: Advances in synthetic biology could 
enable the production of novel compounds or the 
enhancement of natural compounds’ bioavailability and 
efficacy. These developments might allow for the creation 
of supplements that are more effective in preventing 
cancer by targeting specific molecular pathways or by 
boosting the body's natural defence mechanisms against 
cancerous changes. 


Microbiome-targeted supplements: Recognizing the role of the 
gut microbiome in overall health and its potential impact on 
cancer risk, supplements designed to promote a healthy 
microbiome could become widespread. These might include 
prebiotics, probiotics, and postbiotics tailored to nurture 
beneficial gut bacteria linked to reduced cancer risk. 


Nanotechnology: The application of nanotechnology in food 
supplements could improve the delivery and bioavailability 
of cancer-preventive compounds. Nanoparticles could be 
used to ensure that these compounds reach the desired 
site of action in the body more effectively, enhancing their 
preventive benefits. 


Evidence-based formulations: As the scientific community 
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gains a deeper understanding of the interactions between 
diet, nutrients, and cancer risk, supplements will be 
formulated based on solid evidence and clinical trials. This 
will help in ensuring that these products are both safe and 
effective in reducing cancer risk. 


Regulation and quality control: With the growing market for 
health and wellness products, regulatory bodies might 
implement stricter quality control and efficacy standards 
for supplements marketed with cancer-prevention claims. 
This would ensure that consumers have access to products 
that are not only safe but also scientifically validated. 


Integration with lifestyle interventions: Food supplements for 
cancer prevention will likely be part of broader lifestyle 
intervention programs that include diet, physical activity, 
and other modifiable risk factors. These comprehensive 
programs would aim to reduce cancer risk holistically, with 
supplements playing a supportive role. 


Public health initiatives: Recognizing the potential of 
preventive nutrition to reduce cancer incidence and 
healthcare costs, public health initiatives might promote 
the use of certain supplements, especially in populations at 
high risk or in areas with limited access to fresh, nutrient- 
rich foods. Continuous advances in technology, including Al 
and machine learning, will enable the ongoing analysis of 
large datasets from nutritional epidemiology and clinical 
trials. This will refine the understanding of how specific 
nutrients and supplements can be optimized for cancer 
prevention. 


In summary, by 2050, food supplements developed to 
prevent cancer will likely be highly sophisticated, 
personalized, and based on a robust understanding of 
nutrition science and cancer biology. These supplements 
will be part of an integrated approach to health and 
wellness, aiming to reduce the incidence of cancer through 
preventive measures. As understanding of intersectional 
relationships between diet, immunity and genetics 
improves in coming decades, precision cancer 
preventative supplements will likely emerge as cost- 
effective early intervention measures for those most prone 
well before 2050. 


A note of dissent from Google Gemini: While the idea of using 
food supplements to prevent cancer is alluring, the current 
evidence and future outlook suggest that they are unlikely 
to play a significant role in primary cancer prevention by 
2050. Here’s why: 


Extensive research has been conducted on various 
vitamins, minerals, and other dietary supplements as 
potential cancer-preventive agents. However, conclusive 
evidence demonstrating their effectiveness in preventing 
cancer is largely lacking. In fact, some high-dose 
supplements like beta-carotene have even been shown to 
increase the risk of certain cancers in specific populations. 
Instead, there will be a focus on comprehensive dietary and 
lifestyle changes: 
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¢ Maintaining a healthy weight 
through balanced diet and 
regular physical activity. 


* Consuming a diet rich in fruits, 
vegetables, and whole grains. 


«Limiting processed foods, red 
meat, and sugary drinks. 


* Quitting smoking and avoiding excessive alcohol 
consumption. 


There are potential risks and uncertainties: 

e Many supplements can interact with medications or have 
unforeseen side effects, especially when taken at high 
doses for extended periods. 


e The quality and consistency of commercially available 
supplements can vary significantly, raising concerns about 
safety and efficacy. 


¢ While food supplements might not be a universal solution 
for cancer prevention, future advancements in 
personalized medicine could offer more targeted 
approaches. 


Instead of relying on unproven supplements, focusing on 
evidence-based lifestyle modifications and staying 
informed about personalized medicine advancements 
remain the most promising strategies for cancer prevention 
in the foreseeable future. Consulting with a healthcare 
professional for personalized guidance on diet, lifestyle, and 
potential risks and benefits of specific supplements is 
crucial. It’s important to remember that scientific research 
is constantly evolving, and new discoveries could 
potentially alter the landscape of cancer prevention in the 
future. However, based on current knowledge and ongoing 
research directions, food supplements are unlikely to 
become a primary strategy for cancer prevention by 2050. 


Can the prevention, screening and early detection 
of cancer be separated from medical care? 
Integrating prevention, screening, and detection of a 
disease like cancer into lifestyle management and 
potentially separating these aspects from routine medical 
care presents an innovative approach to dealing with a 
population. This concept aligns with preventive medicine 
and public health strategies that emphasize the role of 
lifestyle in disease prevention and early detection. Here’s 
how it could work and the challenges it might face: 


Integration into lifestyle management: Education plays a 
crucial role in integrating preventive measures into 
everyday life. Through a comprehensive health prevention, 
screening, and early detection system for many common 
cancers which could potentially become a more integrated 
part of regular lifestyle management, separate from routine 
medical visits and not run by physicians. Here are a few 
reasons why: 
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Increased consumer access to screening tests: At home 
screening tests are becoming available for colorectal, 
cervical, oral, and some other cancers. And retail clinics 
provide greater access to some types of screening like 
mammography. This enables opportunistic screening 
outside of the primary care setting. 


Shifting mindsets around prevention: There will be more 
awareness of cancer prevention through those with a 
healthy lifestyle. Whether prevention, screening, and 
detection of cancer can fully become part of lifestyle 
management and separated from routine medical care is 
a complex question with no definitive answer. 


Integration into lifestyle management: Empowerment: 
Individuals could take greater control of their health by 
incorporating preventive measures like maintaining a 
healthy weight, exercising regularly, and avoiding risky 
behaviours into their daily routines. Self-administered 
screening tests and monitoring tools could improve 
accessibility, especially in areas with limited medical 
resources. Individuals can learn about the importance of 
diet, exercise, avoiding tobacco and excessive alcohol 
consumption, and other lifestyle choices that can 
significantly reduce the risk of many cancers without 
needing to consult healthcare professionals. Wearable 
technology and mobile health apps can monitor health 
indicators relevant to cancer risk, such as physical activity 
levels, diet, weight, and even exposure to environmental 
factors. Some of these technologies might evolve to include 
features for early detection of health issues, such as skin 
cancer detection via photographic monitoring. Community 
and workplace wellness programmes can promote healthy 
lifestyles and provide regular screenings for blood pressure, 
cholesterol, and potential biomarkers for cancer. They can 
create environments that support healthy choices, such as 
offering nutritious food options and opportunities for 
physical activity. 


Rise of precision health tracking: Emerging technologies like 
genetic tests, microbiome analysis, and wearables will 
provide data for individuals to understand their unique 
cancer risks and prevention needs as part of their lifestyle. 
Many large employers now integrate cancer screening 
programs, lifestyle coaching, digital health tools and 
tailored advice to empower employees to manage some 
aspects of cancer prevention at the individual level. 
However, routine medical exams and screening based on 
age remain crucial for comprehensive preventive care. But 
the lines are blurring between daily lifestyle habits and 
medical-based prevention programs for common cancers. 
The key is making prevention convenient, personalized and 
digitally-integrated to drive adoption. 


Challenges and limitations: Not all preventive measures or 
self-screening tests are equally reliable. Expertise is still 
needed to interpret results and guide further action. False 
positives from self-screening tests can lead to unnecessary 
anxiety and follow-up consultations. Misdiagnoses are also 
possible, delaying access to proper care. Individuals with 
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limited resources or knowledge may struggle to implement 
effective preventive measures or access necessary 
follow-up. Some aspects are already integrated: Certain 
preventive measures like healthy eating and exercise are 
widely promoted as part of a healthy lifestyle. Home test kits 
exist for some cancers, and self-examinations like checking 
for skin abnormalities are encouraged. Medical oversight 
remains crucial, even with self-management tools, regular 
consultations with healthcare professionals are essential 
for interpreting results, providing guidance, and ensuring 
timely intervention when needed. Future possibilities that 
will be particularly beneficial for individuals in remote or 
underserved areas, will allow for early detection and 
intervention without the need for traditional in-person visits. 
Separation from routine medical care while integrating 
prevention and screening into lifestyle management has 
potential benefits, completely separating these elements 
from routine medical care might not be advisable due to 
several reasons. 


* Need for professional oversight 

* Risk of over simplification 

* Integration with healthcare system 
* Technological advances 


A collaborative approach that empowers individuals while 
maintaining medical oversight is likely the most effective 
strategy for the foreseeable future. Remember, this is a 
complex topic with ongoing research and discussions. 
Consulting a healthcare professional can help you 
determine the best approach for your individual needs and 
risk factors. follow-up, treatment, and management of 
identified health issues. This integration ensures continuity 
of care and optimizes health outcomes. Ensuring equitable 
access to prevention and screening technologies and 
programmes is crucial. Without careful consideration, 
separating these services from routine care could widen 
health disparities, particularly for populations with limited 
access to technology or health education. 


While embedding prevention, screening, and detection into 
lifestyle management is a promising approach to reducing 
the incidence and impact of diseases like cancer, it’s 
essential to maintain a connection with professional 
healthcare services. A hybrid model that leverages 
technology, education, and community resources for 
prevention and early detection, while ensuring access to 
professional medical care for follow-up and treatment, 
might offer the most effective and equitable path forward. 


Can AI be used to create a high value system for 
monitoring and intervening with cancer in 
populations? 

Artificial intelligence (Al) can play a pivotal role in creating 
a high-value system for monitoring and intervening with 
cancer in populations. Aland machine learning offer 
innovative approaches to enhancing cancer care. Al has 
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excellent potential to power a high value system for 
population-level cancer monitoring and intervention. Here 
are some of the key ways Al can contribute. Al has 
tremendous potential but challenges and ethical 
considerations must be addressed. Here’s a breakdown: 


Cancer in populations: Across several dimensions, including 
risk assessment, early detection, diagnosis, treatment 
decisions, and monitoring for recurrence here’s how Al can 
contribute to a comprehensive cancer care system. Al 
algorithms can analyse vast datasets, including genetic 
information, lifestyle factors, and environmental exposures, 
to identify individuals at higher risk for developing certain 
types of cancer. These models can help target preventive 
interventions more effectively. Al tools can improve the 
accuracy of image-based screening methods (like 
mammograms, CT scans, and MRIs) by identifying subtle 
patterns that may indicate early-stage cancers. This can 
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Risk prediction models using 
machine learning: Al models 
that analyse population 
data sets (including 
genetics, medical claims, demographics, behaviours and 
environmental exposures) can predict individual cancer 
risk levels within a large group. This enables targeted 
prevention and optimisation of cancer screening 
processes. Al tools are already being deployed to improve 
screening program outreach, appointment booking, 
diagnostic test prioritization, and workflow efficiency - 
getting maximal benefit from screening investments. 


colonoscopy. This 
expands capacity. >° 


Image recognition for screening: Al has shown early promise 
in improving the accuracy and speed of screening tests 
that rely on imaging - like mammography, lung CT scans 
and colonoscopy. This expands capacity. Monitoring 
population cancer data: Natural language processing, 
neural networks and forecasting algorithms can synthesize 
cancer registry data, published research and news to 
dynamically monitor cancer rates and outcomes. This 
enables resource planning. Chatbots and virtual assistants 
can be used for patient support and Al chatbots are able to 
deliver cancer education, self-care tips, appointment 
reminders and track symptoms. 


Risk prediction: Al models can analyse personal and genetic 
data to predict individual cancer risks, enabling targeted 
screening and preventive strategies. Al can analyse vast 
amounts of patient data to suggest personalized treatment 
plans, potentially improving efficacy and reducing side 
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effects. Alcan also help optimize resource allocation in 
healthcare systems, ensuring efficient use of limited 
resources for cancer prevention, screening, and treatment. 


Challenges and limitations: Protecting sensitive patient data 
used for Al models is crucial, demanding robust security 
measures and ethical data governance. Al models can 
inherit biases from the data they are trained on, potentially 
leading to unfair outcomes for certain populations. 
Mitigating bias requires careful data selection and model 
development. Access to Al powered tools should be 
equitable across all socioeconomic groups, ensuring 
everyone benefits from this technology. This can improve 
diagnostic accuracy and speed, facilitating timely 
treatment initiation. 


Treatment planning and personalisation: By analysing data 
from clinical trials and real-world outcomes, Al models can 
predict which treatments are likely to be most effective for 
specific cancer types and patient profiles, supporting 
personalized medicine approaches. Al can help monitor 
patients’ responses to treatment, using medical imaging 
and biomarker analysis to detect signs of treatment 
success or early indicators of recurrence. providing 
personalized support between in-person care. The key is 
combining Al analytics across diverse population data sets 
with screening programs, clinical capacity management 
and patient communication systems - creating an 
integrated system for cancer monitoring and care 
improvement. Al models need to be explainable to 
healthcare professionals and patients, fostering trust and 
acceptance of Al-driven insights. Al should not replace 
human expertise in decision-making. Collaboration 
between Al and healthcare professionals is the key. 


Several Al- powered tools are already used in cancer 
detection and treatment. These will increase in prominence 
over the next decade and become embedded in routine 
practice to reduce cancer risk in individuals. 


Will new causes of cancer be identified by 2050? 

By 2050, it is highly likely that new causes of cancer will be 
identified, reflecting ongoing advances in research 
methodologies, technology, and our understanding of 
cancer biology. The identification of new cancer causes will 
be driven by several key factors: 


Genetic and epigenetic factors: As genetic sequencing 
technologies become more advanced and affordable, 
researchers will be able to conduct large-scale studies to 
identify novel genetic mutations and epigenetic 
modifications that contribute to cancer risk. This could 
include mutations in less studied or previously unknown 
genes, as well as complex interactions between multiple 
genetic factors or between genetics and environmental 
exposures. 


Environmental exposures: Our expanding knowledge of 
environmental toxicology is likely to uncover new 
carcinogens present in the environment, workplace, or 
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consumer products. This could include chemicals, 
pollutants, and physical agents (such as radiation from 
emerging technologies) that were not previously 
recognized as carcinogenic. Advanced analytical methods 
will enable the detection of these carcinogens at lower 
levels and their linkage to cancer through epidemiological 
studies. 


Infectious agents: The role of infectious agents in cancer 
development will continue to be a significant area of 
research. Novel viruses, bacteria, and parasites, or 
previously unrecognized associations between known 
pathogens and cancer, may be identified. This discovery 
process will be facilitated by improvements in microbial 
detection methods and a better understanding of the 
microbiome’s role in cancer. 


Diet and lifestyle factors: Changes in global dietary patterns 
and lifestyle factors, including sedentary behaviours and 
electronic device usage, may lead to the identification of 
new risk factors for cancer. Research into the long-term 
health impacts of these behaviours, as well as the 
components of emerging food technologies and artificial 
diets, will likely reveal new links to cancer. 


Technological and industrial developments: As new 
technologies and industrial processes are developed, there 
may be unforeseen health impacts, including increased 
cancer risk. Continuous monitoring and research into the 


health effects of new materials (such as nanomaterials), 
energy sources, and electromagnetic fields will be crucial. 


Immunological factors: The interplay between the immune 
system and cancer is complex and not fully understood. 
Research may uncover new ways in which immunological 
factors, including autoimmunity, chronic inflammation, and 
immune evasion by tumours, contribute to cancer 
development and progression. 


Psychological and social factors: Emerging research suggests 
that stress, social isolation, and other psychological and 
social factors can influence cancer risk, potentially through 
hormonal changes, immune function, or lifestyle 
behaviours. Future studies may provide deeper insights into 
these associations. 


Integration of big data and AI: The integration of big data 
analytics and artificial intelligence in research will 
accelerate the identification of new cancer causes. By 
analysing vast datasets from electronic health records, 
environmental monitoring, and global disease registries, Al 
algorithms can uncover patterns and associations that 
would be difficult for humans to detect. 


Globalization and changing populations: Global population 
movements and the mixing of genetic backgrounds, along 
with changes in global health trends, may reveal new 
cancer predispositions and risk factors that are specific to 
certain populations or arise from the interaction between 
genetics and environment. The identification of new causes 
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of cancer by 2050 will not only enhance our understanding 
of the disease but also open new avenues for prevention, 
early detection, and treatment. It will also underscore the 
importance of adaptability in public health strategies and 
healthcare systems to address these emerging risks. 


Dysregulated microbiomes: Research continues to uncover 
links between altered gut/oral/skin microbiota balance and 
higher cancer risk. The intricate interactions of microbes 
and host immunity may reveal microbial drivers of 
tumorigenesis. 


Exogenous synthetic chemicals: Growing awareness of the 
carcinogenicity of components of modern products and 
foods such as plasticizers, solvents, flavour additives or 
pesticide residues may spur new exposure limits to prevent 
cancer. 


Endocrine disruptors: Certain ubiquitous environmental 
pollutants interfering with natural hormonal signalling have 
carcinogenic concern demanding greater investigation by 
2050. These include some pesticides, flame retardants and 
personal care ingredients. 


In summary, interfacing expanding environmental chemical 
libraries with in-depth omics-based profiling of cancer 
genomes, epigenomes, proteins and associated 
microenvironments will undoubtedly link novel etiological 
contributors that today remain invisible. This will open new 
prevention avenues. With the rising burden of cancer 
worldwide, there is a growing global focus on research 
funding and collaborative efforts to understand and 
address the disease. This increased investment is likely to 
accelerate the pace of discovery and identification of new 
cancer causes. The identification of new cancer causes by 
2050 is highly likely due to ongoing advancements in 
research, improved technologies, and increased global 
focus. This knowledge will be crucial for developing more 
effective preventive strategies, risk stratification tools, and 
ultimately, reducing the global cancer burden. Remember, 
staying informed about ongoing research and maintaining 
a healthy lifestyle are essential steps in cancer prevention, 
even as we await further discoveries about potential new 
causes, ongoing research and development promising 
further advances. Addressing the challenges above is 
crucial to ensure responsible and ethical implementation of 
Alin cancer care. Overall, Al has the potential to revolutionize 
how we monitor and intervene with cancer in populations. 
However, careful consideration of ethical, social, and 
technical aspects is essential to ensure it benefits everyone 
equally and improves overall cancer outcomes. Effective 
deployment requires seamless integration with existing 
healthcare infrastructure and workflow. 


In summary, Al has the potential to significantly enhance 
the efficiency and effectiveness of cancer monitoring and 
intervention strategies, offering personalized, pro-active 
care. However, realising this potential will require careful 
attention to ethical, technical, and operational 
considerations. 
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Will the threshold for seeking medical help for 
cancer symptoms reduce with better education? 
The threshold for seeking medical help for cancer 
symptoms is likely to reduce with better education and 
awareness, but this is contingent on several factors. 
Education and awareness campaigns play a crucial role in 
improving public understanding of cancer symptoms, the 
importance of early detection, and removing stigma 
associated with the disease. Here’s how better education 
can impact this threshold: 


Increased awareness of symptoms: Educating the public about 
common and lesser-known cancer symptoms can lead to 
earlier identification. When individuals are aware of what to 
look for, they're more likely to seek medical help promptly 
when they notice something amiss. 


Understanding the importance of early detection: Education 
can emphasize how early detection of cancer significantly 
improves treatment outcomes. This understanding can 
motivate Yes, improved public education around cancer 
symptoms and risk factors could potentially lower the 
threshold for seeking timely medical evaluation. Better 
education may have this impact in certain key ways such 
as recognizing alarm symptoms. Knowing common “red 
flag” symptoms like persistent cough, unexplained weight 


loss, unusual lumps or moles could prompt earlier help- 
seeking behaviour before progression to later stage 
disease. Targeted awareness campaigns, especially in 
higher risk groups, can save critical time. Understanding 
personal risk by education around individual risk factors 
such as family history, smoking and obesity can lead to 
lifestyle changes and closer monitoring. It is highly likely 
that better education can significantly reduce the threshold 
for seeking medical help for cancer symptoms. 


Increased awareness of symptoms: By understanding the early 
warning signs and symptoms of different cancers, people 
are more likely to recognize them in themselves and others. 
This can prompt them to 
seek medical attention 
sooner, when treatment is 
likely to be more effective. 
Cancer is often associated 
with fear and stigma, which 
can deter people from 
seeking help. Education 
can combat these 
negative perceptions by 
highlighting the positive 
aspects of early detection 
and treatment, promoting 


66 Understanding 
personal risk by 
education around 
individual risk factors 
such as family history, 
smoking and obesity 
can lead to lifestyle 
changes and closer 
monitoring. °° 
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a more proactive approach to managing health. Improved 
confidence in seeking help by understanding the 
healthcare system and how to navigate it can empower 
individuals to seek medical attention confidently. 
Educational programs focused on navigating healthcare 
pathways, insurance issues, and available resources can 
make a big difference. Community-based educational 
programs can challenge existing cultural norms that may 
discourage seeking help for health concerns, particularly 
for sensitive issues like cancer. Promoting open 
communication allows individuals to act sooner rather than 
later. Educational initiatives that normalize discussions 
about cancer and debunk myths can help reduce these 
barriers. 


Empoy gl ps: Targeted education for 
populations at higher risk of specific cancers (due to 
genetics, lifestyle, environmental factors, etc.) canbe 
particularly effective in encouraging timely medical 
consultation. General health 
education that fosters a 
better understanding of 
body functions and health 
maintenance can indirectly 
lead to earlier recognition of 
potential cancer symptoms. 
Leveraging technology and 
social media for educational 
campaigns can reach a 
broader audience and 
engage people in more 
interactive and personalized 
ways. Information will 
empower self-advocacy 
reducing stigma and fear. 
Myths around cancer being 
an automatic “death sentence” persist in some 
communities, raising the barriers for screening and 
evaluation. Education affirming cancer as often highly 
treatable may alleviate taboos. 


a 

°¢ Targeted education 
for populations at 
higher risk of specific 
cancers (due to 
genetics, lifestyle, 
environmental 
factors, etc.) can be 
particularly effective 
in encouraging timely 
medical + 
consultation. >° 


Buile Ith lit : Confusion around screening 
guidelines, navigating complex systems, and 
communicating with doctors can all delay action. 
Simplified guidance through videos, decision aids, patient 
advocates etc. bridges knowledge gaps. However, reduced 
time to presentation through education has diminishing 
returns without affordable, patient-centred, culturally 
competent access to diagnostic care and treatment. Thus, 
a parallel public health system within communities can 
create a supportive environment for early diagnosis and 
intervention. Understanding risk factors and lifestyle 
choices that can influence cancer risk empowers 
individuals to take control of their health and make 
informed decisions. This fosters a proactive approach to 
preventing cancer and seeking help if symptoms arise. 
Examples of successful interventions are campaigns like 
the American Cancer Society's “Real Men Wear Pink” 
movement or the “Know Your Body” campaign have 
demonstrably increased awareness of cancer symptoms 
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and led to earlier diagnoses. 


qui ion: Educational programs 
need to be targeted and aiscescibiie to diverse populations, 
addressing language barriers, cultural sensitivities, and 
varying levels of health literacy. Effective education must 
counter misinformation and fear-mongering surrounding 
cancer, providing accurate and reliable information from 
trusted sources. Addressing social determinants of health 
-factors like poverty, lack of transportation, and inadequate 
healthcare access can still hinder people from seeking help 
even with proper education. Addressing these social 
determinants is crucial for ensuring equitable access to 
healthcare. However, several challenges and 
considerations must be addressed for this approach to be 
effective. Education alone isn’t enough if there are barriers 
to accessing healthcare services. These include cost, 
availability of services, and healthcare infrastructure. 
Education campaigns need to be culturally sensitive and 
tailored to different communities to ensure effectiveness. 
Increased vigilance can sometimes lead to overdiagnosis 
or heightened anxiety about normal bodily variations. 
Balancing education to avoid unnecessary alarm is 
important. 


-ncy and accuracy of in n: Ensuring that the 
public receives consistent, acourais sand up-to-date 
information is crucial to avoid confusion and 
misinformation. improvements remain equally vital to 
transform early detection into better outcomes. But priming 
at-risk groups through effective education can set the 
stage for life-saving change across the cancer continuum. 
Overall, while educational efforts alone cannot eliminate all 
barriers to seeking early medical help for cancer, they offer 
a powerful tool for reducing the threshold for action and 
promoting early detection. By empowering individuals with 
knowledge, building confidence, and fostering supportive 
communities, education can significantly improve cancer 
outcomes and save lives. In summary, while better 
education and awareness can lower the threshold for 
seeking medical help for cancer symptoms, it’s part of a 
broader strategy that includes improving healthcare 
access and quality, cultural sensitivity, and addressing 
potential issues of overdiagnosis and health anxiety. 


Access to diagnostics in cancer care, as with many other 
health conditions, is indeed influenced significantly by the 
overall speed and efficiency of access to the healthcare 
system. Several factors are at play here: 


Healthcare 1 Cay y: In healthcare systems with 
sufficient capacity, alaaing adequate staffing, equipment, 
and facilities, patients are more likely to receive timely 
diagnostics. Conversely, in overstretched systems, delays in 
diagnostics are common. 


ica ior n: How a healthcare 
system prioritizes cancer care, including early detection 


Diagnosis 


Cancer Futures: 


See eee eee ee | ee See) isi 


and diagnostics, affects access. Systems that emphasize 
early cancer detection tend to allocate more resources to 
timely cancer diagnostics but most systems will continue to 
heavily depend on access to overall healthcare in most 
cases. Some key reasons why cancer diagnosis turnaround 
times are unlikely to vastly outpace general access 
improvements in the near future need to be addressed: 


D ty: Additional screening and early 
detection tools will only translate into prompt diagnosis if 
downstream capacity like imaging equipment, 
histopathology analysis, endoscopy facilities, CT and MRI 
imaging expand in parallel. Widening gaps may just worsen 
delays. Whether access to diagnostics will continue to 
depend on the speed of access to the care system 
generally is a complex question with no simple answer. It 
likely depends on several factors, including continued 
advances in diagnostic technology. 


Decent 3: Point-of-care testing devices and 
tele- medicine could bring diagnostics closer to patients, 
regardless of their location or proximity to the traditional 
healthcare system. Rapid and affordable tests are 
becoming possible pioneered in emergency departments. 
Advances in biosensing and other technologies could lead 
to faster and cheaper diagnostic tests, potentially making 
them more accessible even outside the established 
healthcare system. Countries with universal healthcare 
systems generally show better access to diagnostics and 
other healthcare resources to ensure quicker diagnostic 
services. 


nsurance and fun is: In countries where healthcare 
is islargelyi insurance- based, the speed of access can 
depend on the type of insurance coverage a person has. 
Those with more comprehensive and hence expensive 
coverage might have faster access to diagnostics 
compared to those with basic or no coverage. 


G s: Access can vary within a country, 
often influenced by urban vs. rural settings. Urban areas 
typically have better healthcare infrastructure and thus 
quicker access to diagnostic services. Advances in 
diagnostic technology, including portable and less 
expensive diagnostic tools, can enhance access. 
Additionally, tele-medicine and digital health platforms 
can expedite the referral process for downstream 
investigation and treatment. 


education: Public knowledge about 
cancer eyiibtomnes acd the importance of early diagnosis. 
Cancer diagnostic pathways rely on smooth inter- 
operability between primary care, specialty referrals, labs, 
hospitals, and patient data flow. Breakdowns due to 
underinvestment, tech barriers or siloed cancer centres can 
greatly impede progress. Rural and lower-income regions 
frequently struggle with healthcare access barriers that 
applies across needs, including diagnostics. Targeted 
policies and incentives to distribute capacity more 
equitably can help mitigate disparities. 
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Finar urdship: Out of-pocket costs around medical 
depaintments, tests, biopsies and travel deter diagnosis- 
seeking worldwide. Improving insurance affordability is 
impactful. While cancer screening and detection tech may 
progress services, potentially reducing dependence on 
speed of access is important. Strengthening primary care 
systems could enable earlier detection and diagnosis of 
various conditions, including cancer, potentially reducing 
the need for specialized diagnostics later. 


e: Unequal access to technology and digital 
literacy could perpetuate disparities in accessing even 
decentralized diagnostics. Cost of healthcare: In countries 
where healthcare is primarily private and expensive, even 
basic diagnostics might remain inaccessible to certain 
populations, regardless of the system's speed. 


cr ance on decentra et Ss 
Technological advancements and improved healthcare 
access could make diagnostics more readily available 
outside the traditional care system, reducing 
dependence on its speed. Unequal access to technology, 
healthcare costs, and other social factors could still 
create barriers to diagnostics for certain populations, 
even with improved technology. A hybrid model 


combining improved 


access within the 
(<4 Technological healthcare system and the 
availability of decentralized 
advancements and diagnostics could create a 
improved healthcare more diagnosis can 
access could make influence how quickly 
diagnostics more individuals seek care. 
readily available Systems with effective 
outside the 
traditional care 


public health education 
system, reducing 


often see patients seeking 
help sooner, leading to 

dependence on its 

speed. ? 


faster diagnostics. 
Individuals from higher 
socioeconomic 
backgrounds will generally 
still have faster access to 
diagnostics due to better health literacy, financial 
resources, and in many cases geographic proximity to 
healthcare facilities. 


International efforts to improve cancer care in low-middle 
income countries, including access to diagnostics, can play 
a significant role in how these services evolve globally. The 
future of access to diagnostics in cancer care will depend 
ona combination of these factors. While technological 
advancements and policy reforms can improve access 
and reduce dependency on the overall speed of the 
healthcare system, challenges like healthcare inequity and 
resource constraints will continue to play a significant role. 
Efforts to improve healthcare system rapidly, translating 
tools into patient outcomes depends on financial access, 
care coordination, infrastructure distribution and clinical 
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capacity. Without modernizing health systems with cancer 
needs in mind, game-changing diagnostics will fall short of 
impact potential for vulnerable communities. Smarter 
global investment and policies are vital. equitable and 
efficient system for accessing these crucial services. 
Ultimately, ensuring equitable access to diagnostics 
requires a multi-pronged approach. 


« Investing in research and development of affordable, 
accessible, and decentralized diagnostic technologies. 


« Strengthening healthcare systems, particularly primary 
care, to prioritize early detection and timely access to 
diagnostics. 


« Addressing social and economic inequalities that limit 
access to healthcare and technology. efficiency, increase 
funding for cancer care, and enhance public awareness 
are key to ensuring more equitable and timely access to 
cancer diagnostics worldwide. How can diagnostic 
pathways for earlier cancer be accelerated without 
increasing costs? Accelerating diagnostic pathways for 
earlier cancer detection without significantly increasing 
costs involves a multifaceted approach, focusing on 
efficiency, technological innovation, targeted screening, 
and systemic changes in healthcare delivery. Here are 
several strategies: 


Leyerage technology and Ak: Utilizing artificial intelligence and 
machine learning in diagnostic procedures can help in 
analysing complex data more quickly and accurately. 
Digital tools and Al can streamline pathology, radiology, 
and other diagnostic processes, potentially reducing the 
time and cost involved. 


SS 
66Investing in 
preventive 
healthcare and 
lifestyle 
interventions can 
reduce the overall 
incidence of certain 
types of cancers, 
thus lessening the 
burden on 
diagnostic 
services. °° 


Point-of-care testing and portable 
deyices: Developing and 
deploying portable diagnostic 
devices and pointof-care 
testing can expedite the 
diagnosis process. These tools 
can be used in primary care 
settings, reducing the There 
are several potential strategies 
to accelerate cancer 
diagnostic pathways without 
substantially increasing costs. 


Optimize screening protocols: 
Carefully evaluate testing 
intervals, age cutoffs, and 
risk-based screening to 
identify cancers earlier without over testing lower-risk 
groups. Smart, evidence-based protocols reduce wasteful 
spending. Al can help to fine tune such protocols with time. 


Streamline diagnostic coordination: Implement integrated 
care pathways to reduce wait-times between primary care, 
speciality referral, imaging and lab work. Smooth IT 
infrastructure, care protocols and patient navigation 
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optimize flow. Accelerating diagnostic pathways for early 
cancer detection without increasing costs requires a 
multifaceted approach focusing on efficiency, innovation, 
and equitable access. There are some key strategies to 
streamline referral processes. 


Implement clear and standardized referral criteria: This 
reduces unnecessary referrals and ensures patients with 
worrying symptoms reach the right specialists quickly. 
Utilize telemedicine for consultations: Virtual consultations 
with primary care physicians or specialists can expedite 
referrals and reduce delays in accessing diagnostic tests. 
Develop integrated care pathways to connect different 
healthcare providers and departments seamlessly to avoid 
duplications and delays in the diagnostic process. Optimise 
diagnostic workflows by invest in rapid and accurate 
point-of-care testing: Technologies like rapid blood tests or 
imaging devices can provide immediate results at need for 
referrals to specialists or tertiary care centres. Expanding 
the use of mid-level providers — with nurse practitioner, 
physician assistant and pharmacist led clinics to increase 
capacity for screening, standard diagnostics, and referral 
triage. This will lower costs and free up higher-level 
expertise. 


Employ tele-health solutions: Services like E-consultations, 
tele-pathology, virtual tumour boards, and patient 
monitoring apps provide accessible expertise to rural areas 
without travel costs. Clinical decision support tools - 
software, algorithms and artificial intelligence to prompt 
evidence-based test ordering, reduce repeat procedures 
and make referral and biopsy decisions more standardized 
and efficient. Incentivize technology adoption by 
supporting shift to digitized imaging, assays, endoscopy 
and biomarkers to lower the primary care level, facilitating 
swift decisions about further investigations. Prioritize triage 
and prioritization systems by implementing mechanisms to 
prioritize high-risk patients based on clinical presentation 
and risk factors, ensuring they receive diagnostic tests 
promptly. Standardize all diagnostic protocols reporting 
formats to foster efficiency and minimise variability in 
interpretation. 


Optimizing existing resources: Maximizing the efficiency of 
current diagnostic equipment and staff through better 
scheduling and resource allocation can help manage 
costs while improving access. Investing in preventive 
healthcare and lifestyle interventions can reduce the 
overall incidence of certain types of cancers, thus 
lessening the burden on diagnostic services. Ongoing 
investment in research can lead to the development of 
more costly resource demands through economies of 
scale. Getting patients onto early cancer diagnostic 
pathways faster doesn’t necessarily require expensive 
technologies or infrastructure if efficiency barriers are 
carefully identified and addressed upfront. Taking this 
optimization approach first, focused on smart resource 
allocation, integration and decision architecture 
improvements, can establish efficient foundations before 
layering on big investments. Reducing healthcare costs by 
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avoiding unnecessary tests and interventions through 
efficient pathways also improves the patient experience. 


Faster access to diagnosis leads to reduced anxiety 
associated with prolonged diagnostic delays. Successful 
implementation requires collaboration between healthcare 
providers, policymakers, technologists, and patient 
advocacy groups. Regular monitoring and improvement of 
diagnostic pathways is essential to ensure effectiveness 
and cost-efficiency. Investing in research and development 
to support the creation of even faster, more accurate, and 
affordable diagnostic technologies is crucial. 


Looking towards 2050, the landscape of medical i imaging is 
expected to evolve significantly, driven by advances in 
technology and an increased understanding of human 
biology. Here are some of the most promising 
developments expected in the next decade: 


a g: ‘Al ‘and ML will continue to 
revolutionize medical imaging, 
improving the accuracy of 
diagnoses and the efficiency of 
image analysis. These 
technologies can help in 
identifying patterns and 
anomalies that may be missed by 
the human eye. Al algorithms will 
become better at predicting 
diseases from imaging data, 
leading to earlier and more 
precise diagnoses. 


development 
of compact, 
portable, and 
even wearable 
imaging devices 
will allow for 
real-time 
monitoring and 
diagnosis ina 
variety of settings 
outside 
traditional 
medical _ 
facilities. °° 


Techniques such as 
multiparametric imaging, which 
combines different imaging 
modalities to provide a more 
comprehensive view of tissues, 
will become more prevalent. This could include combining 
MRI, CT, and PET scans into a single, more detailed image, 
offering a fuller picture of a patient’s condition. 


Til ig: This is expected to become more 
mainstream, allowing for the visualization of the molecular 
and cellular events within the body. This could enable the 
early detection of diseases at a molecular level before 
anatomical changes become apparent, offering a significant 
leap forward in the diagnosis and monitoring of diseases. 


ea i evices: The development of 
compact, portable, and even wearable i imaging devices 
will allow for real-time monitoring and diagnosis in a 
variety of settings outside traditional medical facilities. 
This could democratize access to advanced diagnostic 
tools, making them more available in remote or 
underserved areas. 
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Ni chi g I 2; The use of nanotechnology could 
introduce new contrast agents and targeted imaging at the 
cellular or even molecular level. This could significantly 
improve the specificity and sensitivity of imaging studies, 
allowing for detailed visualization of disease processes in 
real-time. 


ischnoléates could be used to create more immersive 
imaging experiences, allowing clinicians to explore 3D 
reconstructions of patient anatomy in a virtual space. This 
could improve surgical planning and education, offering a 
new dimension to understanding patient anatomy. 
Hyperpolarized MRI: Providing real-time insights into cellular 
metabolism, potentially aiding in cancer diagnosis and 
treatment monitoring. 


antum g: Although still in early development, 
quantum imaging techniques promise to offer images with 
higher resolution and lower doses of radiation than current 
technologies. This could revolutionize fields like 
radiography, MRI, and CT imaging, making them safer and 
more effective. 


ra sion: Quantitative imaging using 
techniques like radiomics and imaging biomarkers to 
enable earlier disease detection and more personalized 
medicine. Large imaging datasets combined with Al by 
2050 could find patterns predictive of disease risk and 
progression. 


fi 0s The integration of imaging data with 
other types of medical data (genomic, proteomic, and 
electronic health records) will offer a more holistic view of a 
patient’s health status. This integrated approach could lead 
to personalized treatment plans based ona 
comprehensive analysis of a patient's condition. 


Miniatur 1: The portability of imaging equipment, 
ineduiding wearable devices embedding things like 
ultrasound. Imagine getting a heart ultrasound from a 
small device integrated into your watch. 


These developments, supported by ongoing research and 
investment, promise to make medical imaging more 
accurate, accessible, and personalized, ultimately leading 
to better patient outcomes and a more efficient healthcare 
system. The next decade will bring exciting imaging 
advances building towards long-term transformations in 
how we view and analyse the human body by 2050 
through synergies of Al, sensors, big data and materials 
science. 


By 2050, the development of Positron Emission Tomography 
(PET) in functional imaging is expected to advance 
significantly, driven by technological innovation, a deeper 
understanding of diseases at a molecular level, and the 
integration of artificial intelligence (Al). Here are some 
anticipated developments: 
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ligh reso ET: Technological advancements will likely 
lead to PET ¢ scanners with significantly improved spatial 
resolution. This will enable the detailed visualization of very 
small anatomical structures and molecular processes, 
improving the early detection and precise localization of 
diseases such as cancer, neurological disorders, and 
cardiovascular diseases. 


ic s: The integration of PET with other 
imaging modalities, such as MRI (PET-MRI) and CT (PET-CT), 
will become more refined, offering comprehensive 
functional and anatomical information in a single imaging 
session. This hybrid approach will improve diagnostic 
accuracy, patient convenience, and treatment planning. 
Advances in these systems could include simultaneous 
imaging capabilities, leading to real-time correlations of 
functional and structural changes within the body. 


adiotracers and molecu nts: The development 
and approval of new radiotracers and molecular imaging 
agents will expand the applications of PET imaging. These 
= " agents will be designed to 


= target specific molecular 
6SPET will be pathways and receptors, 
increasingly usedin — enabling the visualization 
conjunction with and quantification of a wide 

° range of biological 

other fi unctional ee i will be 
imaging techniques, particularly impactful in 
suchas functional oncology, neurology, and 
MRI (f{MRD, to 
provide amore 


cardiology, allowing for 
personalized treatment 
comprehensive view 
of the body’s 


approaches based on the 
molecular characteristics of 
physiological 
processes. ” 93 


diseases. 


Combining diagnostic and 
therapeutic functions, 
allowing for targeted drug delivery and monitoring of 
treatment efficacy simultaneously. In addition, multimodal 
tracers will allow the Imaging multiple biological targets 
within a single scan, providing a more comprehensive 
picture of disease pathology. 


[and machine learning: Aland ML will play a crucial role in 
enhancing PET imaging through improved image 
reconstruction techniques, noise reduction, and the 
automatic identification of pathological changes. These 
technologies will facilitate faster image processing and 


interpretation, reducing the time from imaging to diagnosis. 


Al could also assist in predicting disease progression and 
treatment response by analysing PET imaging data 
alongside other patient data. 


dua in g: There will be a push towards 
standardized, quantitative PET imaging, enabling the 
precise measurement of biochemical processes in the 
body. This quantification will be critical for assessing 
disease severity, monitoring treatment response, and 


Cancer Futures: 
Vision 2025 


conducting multicentre clinical trials. Advanced software 
and algorithms will be developed to ensure accuracy and 
reproducibility of quantitative data across different PET 
systems and sites. 


rtable ‘s: Advances in detector technology and 
compact designs may lead to the development of portable 
PET systems. These could be used in outpatient settings, for 
bedside imaging in critically ill patients, or in regions with 
limited access to traditional PET facilities, significantly 
expanding the reach of PET imaging. 


Red lose: Ongoing research into PET imaging 
techniques and novel radiotracer chemistries will aim to 
minimize the radiation dose required for imaging. This will 
make PET scans safer for patients, especially those 
requiring multiple follow-up studies, and will be particularly 
important for paediatric imaging. 


t g: PET will be increasingly 
used i in conjunction with other functional imaging 
techniques, such as functional MRI (fMRI), to provide a more 
comprehensive view of the body’s physiological processes. 
This multi-parametric approach will enhance our 
understanding of complex diseases and the interaction 
between different organ systems. These advances will 
transform PET imaging into a more precise, patient-friendly, 
and integral part of personalized medicine, significantly 
impacting the early detection, diagnosis, and management 
of diseases. 


Together, these advances will revolutionize functional PET 
imaging over the next decades, allowing non-invasive 
windows into molecular inner workings of life in incredible 
spatiotemporal detail. Routine PET scans in 2050 may detect 
health changes years faster than today, enabling much 
earlier precision treatment using its molecular tissue 
signatures. It’s important to note that these are just potential 
future directions, and the actual trajectory of PET 
development will depend on ongoing research, technological 
breakthroughs, and ethical considerations. However, the 
potential for PET to become an even more powerful tool for 
personalized medicine, early disease detection, and 
improved treatment monitoring holds immense promise for 
the future of healthcare in 2050 and beyond. 


By 2050, the use of artificial intelligence (Al) inimage 
interpretation for cancer patients is expected to be deeply 
integrated into clinical practice, enhancing diagnostic 
accuracy, treatment planning, and patient monitoring. Here 
are several key ways Al is anticipated to evolve and impact 
the field: 


: Al algorithms will be 
Sapsdale of detecting tumours and other cancer-related 
abnormalities in medical images with high precision. 
These systems will be able to identify subtle changes in 
imaging data that may be indicative of early-stage 
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cancer, potentially before it is clinically symptomatic. This 
will lead to earlier interventions and improved patient 
outcomes. 


R 3: The field of radiomics, where quantitative 
features are extracted from medical images, will be 
significantly advanced by Al, enabling the prediction of 
tumour phenotype and the genetic makeup of cancer. 
This information can be used to predict the 
aggressiveness of the disease, its potential response to 
radiotherapy, and the likelihood of recurrence, thus 
allowing for highly personalized treatment plans. 


It cs: Al systems will not only analyse 
imaging data but will also integrate this information with 
genomic data and electronic health records to provide a 
comprehensive patient profile. This holistic approach will 
facilitate precision medicine, where treatments are 
tailored to the individual characteristics of the patient's 
tumour, leading to more effective and less toxic therapies. 


€ : Al will play a crucial role 
in in planning and simulating cancer treatments, such as 
radiotherapy. By analysing imaging data, Al can help 
delineate tumour boundaries 
| more accurately and identify 


ae critical structures to be 

= One of the most spared from radiation. This 
promising areasis __ willoptimize treatment plans 
the use of liquid to maximize control while 
biopsies. These tests “inimizing side effects. 
analyse biomarkers 

suchas circulating 
tumour DNA 
(ctDNA), circulating 
tumour cells (CTCs), 
or other cancer 
related ous 
found. ? 


Al algorithms will be used to 
predict how individual 
tumours are likely to respond 
to various therapies, based on 
imaging characteristics and 
patterns of change over time. 
This will allow for dynamic 
adjustment of treatment 
plans based on predicted 
outcomes, potentially shifting 
towards more effective treatments earlier in the patient's 
care. 


n: Through continuous 
learning and analysis of serial imaging studies, Al systems 
will be able to detect signs of disease progression or 
response to treatment much earlier than traditional 
methods. This real-time monitoring will enable timely 
adjustments to therapy, improving the chances of 
successful outcomes. 


ency: By automating 
routine image interpretation tasks, Al will reduce the 
workload on radiologists and oncologists, allowing them 
to focus on more complex cases and patient care. This 
will also reduce the time from imaging to diagnosis and 
treatment initiation, crucial factors in cancer care. 
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(A d virtual r il 
ning: iN will enhance AR and VR gppiisations for 
surgical planning and guidance by providing real-time, 
image-based anatomical and pathological information. 
Surgeons will be able to visualize tumours and 
surrounding structures with unprecedented clarity, 
leading to more precise and less invasive surgeries. 


Al: As Al becomes more prevalent in 
cancer care, there will be a heightened focus on developing 
ethical Al systems that are transparent and explainable. 
This will ensure that clinicians understand how Al 
recommendations are derived, fostering trust and enabling 
informed decision-making. 


ity: Al could help bridge the gap in cancer 
diagnosis and treatment in low-resource settings by 
providing expert-level image interpretation capabilities 
without the need for extensive healthcare infrastructure. 
This democratization of expertise could significantly 
improve cancer care globally. 


Le d racking: Deep learning on historical patient 
scan 1 data will define digital biomarkers to detect early 
changes over time indicative of disease progression, 
recurrence or treatment complications often missed today. 
This will enable much earlier intervention. 


De expert-leve nt: Al diagnostic 
assistance will provide experienced second opinions to 
local hospitals and clinics that lack specialized oncological 
imaging expertise today. Cloud-based image analysis 
models could offer global best-practice quantitative 
assessment remotely to cancer patients everywhere. 


In summary, by 2050, Al is expected to be a cornerstone of 
cancer diagnosis, treatment planning, and management, 
leading to more personalized, effective, and efficient care 
for cancer patients. 


h 


The eideveloanient of novel, simple, ‘and affordable tests for 
early cancer detection before symptoms emerge is a major 
focus in contemporary medical research. The goal is to 
create tests that can be widely used in a variety of settings, 
including those with limited resources. Here’s an overview of 
the potential advances and challenges in this area: 


One of the most promising areas is the use 
of liquid biopsies. These tests analyse biomarkers such as 
circulating tumour DNA (ctDNA), circulating tumour cells 
(CTCs), or other cancer related substances found. The 
development of novel, simple, and inexpensive early cancer 
detection tests that can identify malignancies before 
symptom onset is a very active and promising area of 
research. Several key developments make this goal 
achievable in the coming years. Assays that detect 
circulating tumour DNA, exosomes, proteins, and other 
cancer markers in blood or other biofluids are advancing 
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rapidly and require only basic collection methods. High 
sensitivity approaches for early detection with the 
development of novel, simple, and cheap tests for early 
cancer detection before symptoms emerge is a highly 
promising area of research with the potential to 
revolutionize cancer prevention and treatment. While some 
such tests are already in development or even in early 
clinical use, widespread availability is still a few years away. 


s: These blood tests 
aim to sdetect multiple cancer types simultaneously using a 
combination of biomarkers. While still in early stages, they 
offer the blood, urine, or other bodily fluids. The aim is to 
detect cancer at an early stage, even before symptoms are 
apparent. Biomarker panel research is ongoing into 
identifying specific biomarkers or panels of biomarkers that 
could reliably indicate the presence of cancer. These could 
include proteins, genetic mutations, or other molecular 
changes associated with early cancer development. 


; nd s: Several laboratories are 
exploring the potential of microRNAs and epigenetic 
markers as early indicators of cancer. These are smaller, 
more stable molecules that might be detected before 
traditional biomarkers or ctDNA. 


: Innovations in imaging technology could 
lead. to earlier detection of cancers. These techniques aim 
to be less invasive and more sensitive than current 
methods. Al and machine learning are being used to 
identify patients where the tumour burden is extremely low. 
Applying deep learning to digitized scanned images scans 
enables automated, high-throughput early anomaly 
detection without the need for expensive sequencing or 
molecular characterization. 


B s: Breath based tests analysing volatile 
organic compounds show ability to discriminate between 
cancer cases and controls across a variety of tumour types, 
often with accuracy over 80% in trials so far. Portable, 
non-invasive detection systems are forthcoming and are in 
trial for the diagnosis of a number of cancers. 


ino ; Novel sensors leveraging 
programmable nanoparticles, quantum dots and other 
synthetic potential for efficient and early screening for a 
wider range of cancers. 


E ss EXosomes are tiny vesicles released by 
cells that carry information about their origin. Analysing 
exosomes in blood or other bodily fluids could provide 
insights into early cancer development. Imaging 
advancements: Techniques like low-dose CT scans and 
Al-powered image analysis are being refined to improve 
early detection of cancers like lung cancer. 


f s: New tests need to be 
rigorously validated to ensure accurate detection of cancer 
while minimizing false positives that can cause unnecessary 
anxiety and procedures. Making these tests affordable and 
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accessible to everyone, regardless of socioeconomic 
background, is crucial for their widespread impact. Effective 
implementation requires integrating these tests into existing 
healthcare pathways and ensuring proper training for 
healthcare providers. While some novel tests are already in 
early clinical use, widespread availability and integration 
into routine screening practices might take several years, 
likely beyond those used to analyse large datasets to 
identify patterns that might indicate early cancer. This can 
enhance the accuracy of diagnostic tests. 


Developing tests that can be administered in a doctor's 
surgery or even at home, similar to a pregnancy test, is 
another area of research. Such tests would greatly increase 
the accessibility of early cancer screening. For such tests to 
be effective on a large scale, they would need to be 
incorporated into broader screening programs, potentially 
as part of routine health check-ups. Ensuring high 
sensitivity (ability to detect cancer) and specificity (ability 
to exclude non-cancer) is crucial to avoid false positives 
and negatives. Keeping the tests affordable and accessible 
is essential for widespread implementation, detection 


constructs allow accurate 
SSS) quantification of cancer 
6G Developing tests protein signatures from 
that can be microlitre patient samples, 
administered ina OSES ng earent 

if monitoring. While still 

doctor Ss surgery or requiring larger validation 
even at home, similar 
toapr egnancy test, is 


studies, the convergence of 
Al-empowered imaging, 

another area of 

research. 9° 


ever-more advanced liquid 
biopsies and novel biosensor 
designs make the 
introduction of easy, scalable pre-symptomatic tests a 
viable outcome within 5-10 years. 


If costs can be made affordable especially in lower 
resource settings, these disruptive innovations may 
profoundly impact cancer screening and mortality 
worldwide. However, continuous research and 
development efforts hold immense promise for the future. 
Ongoing research is refining these tests to make them even 
more reliable and reduce false positives. Technological 
advances and wider adoption are expected to bring down 
the cost of these tests over time. 


These tests could pave the way for personalized cancer 
prevention and early intervention strategies tailored to 
individual risk factors and genetic profiles. especially in 
low-resource settings. Any new test must undergo rigorous 
clinical trials to validate its effectiveness and be subject to 
regulatory approvals. Early detection tests raise issues 
regarding patient anxiety, the handling of ‘borderline’ 
results, and potential over-treatment. 


The implementation of regular pan-cancer screening 
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programmes will have several economic implications on 
overall lifetime cancer care costs. These implications can be 
both positive and negative, and their extent will depend on 
various factors such as the efficiency and effectiveness of the 
screening programs, healthcare system structures, and 
patient demographics. Here’s an overview of these 
implications. 


Early detection and potential cost savings: The potential 
economic impact of implementing routine pan-cancer 
screening across populations is complex with compelling 


arguments on both sides. 
al 


There are some likely 

66 Implementing implications on overall 

° lifetime cancer costs which 
widesp read p an may change by 2050. There 
cancer scr ecening are potential costs savings 
programs willincur fromthe early detection of 
significant initial more Stage I cancers when 
costs. These include _ they are cheaper to treat 
the cost of the successfully and will have 

° better outcomes. Local 

screening tests treatments with surgery or 
themselves, the radiotherapy are far cheaper 
infrastructure than systemic therapies for 
required to metastatic disease. 
administer them, and 
the necessary follow- 
up diagnostic 
procedures for 
positive results. >° 


Potential benefits: Pan- 
cancer screening aims to 
detect cancers at their 
earliest stages, when they 
are easier to treat and cure. 
This can lead to reduced 
treatment costs: Early-stage 
cancers often require less intensive and expensive 
treatments compared to advanced stages. For example, 
early-stage breast cancer might be treated with 
lumpectomy and radiation instead of full mastectomy and 
chemotherapy. Reduced mortality and morbidity from 
cancer can translate into savings from averted healthcare 
costs and increased productivity due to extended working 
lives. 


Upfront cost of screening: Implementing widespread pan- 
cancer screening programs will incur significant initial costs. 
These include the cost of the screening tests themselves, the 
infrastructure required to administer them, and the 
necessary follow-up diagnostic procedures for positive 
results. The regular screening of a large population will 
require substantial ongoing investment. Some of the patients 
will require expensive follow-up interventions. Overdiagnosis 
and false positives resulting in unnecessary procedures, 
biopsies, anxiety, patient costs. It will bring to the surface 
more indolent, non-lethal cancers that may have never 
progressed but will still need to receive some form of 
treatment. By extending patient life-years may result in 
higher lifetime care costs, some of limited clinical value but 
some increased survival rates and quality of life for patients. 
This can translate to reduced healthcare costs associated 
with managing advanced cancers and their complications. 
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Lower cancer mortality rates can alleviate the economic 
burden on families, communities, and healthcare systems 
through lost productivity, disability benefits and other 
associated costs. 


Increased healthcare utilization: Pan-cancer screening 
programs necessitate additional healthcare resources, 
including testing equipment, trained personnel, and 
infrastructure. This can initially lead to higher overall 
healthcare costs. Some screening tests can lead to the 
detection of slow-growing or indolent cancers that might 
never have caused any harm if left untreated. This can result 
in unnecessary interventions and associated costs, 
potentially outweighing the benefits for some individuals. 
Severe anxiety can be generated by screening tests which 
can sometimes produce false positives, leading to 
unnecessary invasive diagnostic procedures. This can be 
costly and emotionally taxing for patients, even if they 
ultimately rule out cancer. 


Impact on resources: Regular screening may increase the 
demand for healthcare resources, including personnel, 
diagnostic services, and treatment facilities, potentially 
straining existing healthcare systems. However, effective 
screening can also lead to a more efficient allocation of 
resources by reducing the need for more intensive 
treatments for advanced cancers. More economic modelling 
and policy analysis around these factors are warranted 
before widespread adoption. The ultimate economic impact 
of pan-cancer screening depends on several factors, 
including the accuracy and specificity of the screening tests. 
Tests with high accuracy and low false positive rates can 
minimize unnecessary costs and anxiety. Advances in cancer 
treatment can significantly improve the cost-effectiveness of 
early detection and programmes that target high-risk 
individuals and utilize efficient screening protocols can 
optimize cost-effectiveness. 


Current research: Ongoing research is focused on improving 
the accuracy and cost-effectiveness of pan-cancer 
screening tests. Additionally, efforts are underway to optimize 
screening programmes through risk stratification and 
personalized approaches. As these efforts progress, the 
economic implications of pan-cancer screening are likely to 
become more favourable. Overall, while the initial costs of 
implementing pan-cancer screening programs might be 
significant, the potential long-term benefits in terms of 
reduced healthcare costs, improved patient outcomes, and 
decreased societal burden suggest that it could be a 
cost-effective approach in the long run. 


Insurance and reimbursement: Changes in insurance coverage 
and reimbursement policies to include regular pan-cancer 
screening could have significant economic implications for 
both insurers and patients. There may be shifts in how 
insurance premiums become personalised to balance risk 
including loading of premiums to those that test positive. 
However, careful consideration of test accuracy, treatment 
effectiveness, and program design is crucial to maximize the 
economic benefits and minimize potential downsides. 


Treatment 
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What’s the cost of saying ‘you start treatment next 
week’? 

The expediency of starting cancer treatment after 
detection depends on several factors, including the type of 
cancer, the healthcare system's efficiency, available 
resources, and individual patient circumstances. Ideally, 
treatment should begin as soon as is medically appropriate 
to ensure the best possible outcomes. However, various 
factors can cause delays, and costs can vary widely. Here’s 
an overview: 


Type and stage of cancer: The urgency and type of treatment 
depend on the specific cancer and its stage. Some cancers, 
especially if detected early, may not require immediate 
aggressive treatment and might even be monitored for a 
while (active surveillance). Others, especially aggressive or 
advanced cancers, require prompt intervention. Even with 
early cancer detection, beginning treatment expeditiously 
can face multiple barriers that delay or limit access to 
timely care. 


Multidisciplinary team and insurance authorization: The 
timeline for approvals of decision, coverage, utilization 
review, and administrative processing can substantially 
slow initiation, especially for urgent cases. Appeals add 
additional complexity. 


Scheduling pressures: Specialist, OR and equipment 
shortages can push back appointments for critical 
procedures like biopsy, surgery, radiotherapy planning 
and neoadjuvant chemotherapy. Scarce infusions slots 
can be a mgjor an issue. Distance to urban facilities with 
cancer treatment facilities can cause patient issues and 


delays. 


Treatment planning: Once cancer is diagnosed, a 
multidisciplinary team typically reviews the case to develop 
a treatment plan. This process can be quick but may take 
longer if complex decision-making or further testing (like 
genetic profiling of the tumour) is needed. The speed at 


6¢ The timeline for 
approvals of decision, 
coverage, utilization 
review, and 
administrative 
processing can 
substantially slow 
initiation, especially 
for urgent cases. °° 


which treatment can start 
often depends on the 
healthcare system’s overall 
efficiency. In countries with 
well-resourced healthcare 
systems, treatment may 
begin very quickly. In others, 
particularly where 
healthcare resources are 
stretched thin, there might 
be significant delays. In 
systems where health 
insurance approval is 
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required for specific treatments, this can introduce delays. 
Additionally, the cost of treatment can be a significant 
factor, especially for expensive therapies. Patients may 
need time to arrange funding or wait for insurance 
approvals. Travel also incurs significant personal costs. 


Guideline circumyention: An oncologist recommending 
excessive additional testing, off- guideline experimental 
regimens or with personal revenue incentives can all 
impede progress. System navigation challenges, language 
barriers, cultural beliefs may impact patient follow through 
without support. Anxiety, denial, depression, can deter 
acceptance and engagement with recommended 
protocols. Access to certain treatments like specialized 
surgeries, chemotherapy drugs, or radiation therapy can 
vary. In some regions or hospitals, there may be waiting lists 
for specific treatments or equipment. Individual patient 
factors, including overall health, comorbidities, and 
personal circumstances, can influence the start of 


a treatment. For example, a 


patient might need time to 
6¢ Implementing a recover from a different 
system that uses medical procedure or to 
predictive models to arrange personal affairs. 
replace traditional 
waiting lists with 
immediate treatment 
for conditions like 
cancer represents an 
ambitious shift 
towards a more 
proactive and 
efficient healthcare 
delivery model. °° 


Cost considerations: The cost 
of cancer treatment varies 
widely depending on the 
type of treatment, duration, 
healthcare system, and 
whether the patient has 
insurance. Costs can 
include the treatment itself, 
hospital stays, medication, 
follow-up care, and 
potential loss of income 
during treatment. In an ideal 
scenario, cancer treatment 
would begin within days after diagnosis, minimizing the 
delay between detection and intervention. However, 
expediting treatment involves confronting systemic pitfalls 
and incentives not structured around patient urgency. 
While soluble, solutions would require modernising flawed 
parts of the delivery apparatus - no small task. But whilst 
the ethical and clinical justifications are clear the reality is 
often more complex, influenced by medical, logistical, and 
financial considerations. Efforts to streamline the treatment 
initiation process involve improving healthcare system 
efficiency, ensuring equitable access to resources, and 
addressing financial barriers to care. 


Canan Al system use predictive models to replace 
waiting lists with immediate treatment at what 
cost? 

Implementing a system that uses predictive models to 
replace traditional waiting lists with immediate treatment 
for conditions like cancer represents an ambitious shift 
towards a more proactive and efficient healthcare delivery 
model. Such a system aims to prioritize treatment based on 
the predicted urgency and benefit to the patient, rather 
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than on a first-come, first-served basis. This approach 
could potentially improve outcomes by ensuring timely 
care for those who need it most. However, there are several 
factors and challenges to consider, including the cost 
implications of such a system. Yes, it is theoretically 
possible for a health system to leverage predictive 
modelling to significantly reduce or even eliminate waiting 
lists and backlogs for cancer treatment through more 
dynamic and data driven resource planning and care 
delivery. However, implementing such a system at scale 
would entail considerable costs. Some key elements to 
analyse would be: 


Staffing costs: Predictive models could indicate optimal staff 
increases/decreases by cancer type and stage, but 
expanding specialized oncology staff capacity (physicians, 
nurses, technicians) requires major financial investment in 
recruitment and training. 


Facility costs: If modelling shows a major boost in 
chemotherapy infusion, radiation or surgery capacity is 
needed, the hospital may have to make an immediate 
investment. Replacing waiting lists entirely with immediate 
treatment based on predictive models is a complex idea 
with both potential benefits and drawbacks. Predictive 
models could identify individuals at high risk for needing 
treatment sooner, facilitating early intervention and 
potentially better outcomes. By predicting demand, 
resources could be allocated more logically. Developing 
accurate predictive models requires vast amounts of data, 
including detailed health records, outcomes data, and 
possibly genetic information. These models would need to 
be highly accurate in assessing the severity of conditions 
and the likely benefit of immediate versus delayed 
treatment. 


Healthcare infrastructure: Transitioning to a system based 
on immediate treatment necessitates significant 
changes in healthcare infrastructure and operations. This 
includes having the capacity to provide immediate 
treatment—which implies available healthcare 
professionals, treatment facilities, and medical 
equipment—and a flexible scheduling system that can 
adapt to the dynamic prioritization of cases. Significant 
upfront investment in Al and machine learning 
technology, data infrastructure, and training for 
healthcare providers will need capital funds for facility 
expansion - new operating rooms, infusion chairs, 
imaging, inpatient beds. Additional care coordinators, 
patient navigators, appointment schedulers may be 
needed to support a higher throughput system with 
reduced waiting lists for seamless patient transitions. 
More administrative workers will add to personnel costs. 


Aland modelling costs: There would be substantial one-time 
and ongoing investments in Al tools, electronic health 
record integrations, data analysts, data governance — 
essential to building and sustaining predictive models to 
drive real-time decision-making. The overall cost 
expenditures could be offset by the health and economic 
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outcomes of more patients treated in earlier disease 
stages, benefitting both individuals and populations. But 
the upfront cost lift in staff, facilities, infrastructure and 
technology to implement an Al-powered dynamic cancer 
treatment system would require major capital from payers, 
health systems, or government funds. Average costs would 
depend significantly on the scale, systems impacted, and 
pace of digital transformation. efficiently, reducing wasted 
capacity and improving overall system efficiency. 


Challenges and limitations: Predictive models are not perfect, 
and inaccurate predictions could lead to unnecessary 
treatment or missed procedures. Triage based on 
predicted needs raises ethical concerns about fairness and 
resource allocation, especially for high-risk populations. 
Implementing such a system could be expensive, requiring 
significant changes to healthcare infrastructure and 
potentially increasing overall costs. Relying solely on 
predictions could lead to unnecessary interventions and 
potential harm to patients with low actual risk. While 
predictive models are used in healthcare settings for risk 
assessment and resource allocation, replacing waiting lists 
completely remains theoretical. Several pilot projects 
explore using Alin triage and scheduling, but ethical and 
practical concerns prevail. 


Cost considerations: Increased operational costs to maintain 
the flexibility required for immediate treatment, including 
potentially higher staffing levels and the use of advanced 
diagnostic and treatment technologies. Potential cost 
savings over time due to improved health outcomes, 
reduced hospital stays, and possibly lower overall 
treatment costs due to early intervention. By prioritizing 
patients based on need and predicted outcomes, the 
system could reduce unnecessary treatments and focus 
resources on interventions with the highest expected 
benefit, potentially leading to more efficient use of 
healthcare resources. Immediate treatment, particularly for 
conditions like cancer, can often be less intensive (and less 
expensive) than treatment at more advanced stages. 


Infrastructure changes: Integrating the system with existing 
healthcare systems might require costly infrastructure 
upgrades. Early intervention might decrease costs in the 
long run, but potential overdiagnosis and unnecessary 
treatment could offset the gains. Conclusion: While using 
predictive models for improved healthcare resource 
allocation shows promise, replacing waiting lists with 
immediate treatment based solely on predictions remains 
unlikely in the near future. Addressing ethical concerns, 
ensuring model accuracy, and managing costs are crucial 
before widespread implementation. savings despite the 
initial investment and higher operational costs. The use of 
predictive models can facilitate more personalized care, 
which might be more cost-effective in the long run by 
avoiding one-size-fits-all treatments that may be less 
effective. 


Challenges and considerations: Ensuring that the system is fair 
and does not inadvertently prioritize patients based on 
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socioeconomic status, race, or other unrelated factors is 
crucial. The predictive models must be highly accurate and 
transparent to gain the trust of both healthcare providers 
and patients. Managing and analysing large amounts of 
personal health data raises significant privacy concerns 
that must be addressed. 


Conclusion: While theoretically possible, replacing waiting 
lists with a predictive Al model-based system for 
immediate treatment presents considerable logistical, 
ethical, and financial challenges. The cost implications are 
complex, involving significant initial investments and 
operational costs, but potentially offering efficiency gains 
and cost savings in the long term through improved health 
outcomes and more efficient resource use. Successful 


implementation would require 
=a careful planning, robust 
6¢ While 


technology solutions, and a 
theoretically commitment to addressing 
possible, replacing ethical and financial issues. 
waiting lists witha 
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Will surgery continue to 
reduce the tissue volume 
resected so requiring 
shorter hospital stays? 
Yes, it’s highly likely that surgical 
procedures will continue to 
evolve towards reducing the 
volume of tissue resected, 
becoming less invasive, less 
risky, and requiring shorter 
hospital stays. This trend is 
driven by advances in medical 
technology, a deeper 
understanding of disease processes, and a growing 
emphasis on patient-centred care. Here are several key 
factors contributing to this evolution: 


Advances in surgical techniques: Minimally invasive 
techniques such as laparoscopy and robotic surgery allow 
surgeons to operate through small incisions using 
miniaturized surgical instruments. These methods result in 
less tissue damage, reduced pain, and quicker recovery 
times compared to open surgery. | believe the trend 
towards less invasive and tissue-preserving surgical 
procedures for cancer treatment will continue over the 
coming decades. There are several key drivers of this: 


* Advances in imaging and diagnostics allow more precise 
mapping of cancerous tissue location and boundaries, 
enabling more targeted resections. MRI guided surgery 
may minimise resected volumes. 


¢ Growth in robotic surgery and integrated navigation 
systems give surgeons better visibility and control to 
remove only diseased tissue. New ablation techniques like 
radiofrequency, microwave and cryoablation can destroy 
tumours without removing tissue. 


* Improved understanding of tumour biology is helping 
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determine when less aggressive surgery may have similar 
outcomes. 


« Some immune therapies and targeted drugs given 
pre-operatively may enable surgeons to reduce the 
resection volume. 


* Patient demand for minimally disruptive surgery and 
rapid return to normal activity is increasing. 


Reduced complications: As less invasive procedures typically 
result in fewer complications, such as infections or bleeding, 
these will further reduce the risk associated with surgery. As 
procedures become less invasive, the need for extended 
hospital stays diminishes. Many minimally invasive 
surgeries to leave behind higher disease volumes safely. 
Enhanced recovery protocols and pain management 
improve patient readiness for discharge after less invasive 
procedures. As a result, more cancer surgery will evolve 
from open procedures removing substantial organ sections 
and lymph nodes to laparoscopic or endoscopic methods 
removing only small tumour tissue for example, breast 
lumpectomy instead of full mastectomy. Overall, this 
translates into lower complication rates, fewer unintended 
side effects, reduced pain and scarring, shorter hospital 
stays, and faster patient recovery times with cancer 
surgery. 


Aland machine learning: These technologies could further 
refine surgical planning and execution, making surgeries 
more precise and personalized. The development of 
nanoscale surgical tools and techniques could 
revolutionize the way surgeries are performed, potentially 
allowing for cellular or even molecular-level interventions. 
Advances in tissue engineering and regenerative medicine 
may one day reduce the need for tissue removal by 
enabling tissue repair or regeneration. 


Challenges and considerations: So yes, reduced tissue 
resection and less invasive approaches are likely the future. 
Advances in tissue engineering and regenerative medicine 
may one day reduce the need for tissue removal by 
enabling tissue repair or regeneration. While the trend 
towards less invasive surgeries is clear, it’s important to 
recognize that the feasibility and appropriateness of 
minimally invasive approaches. Equitable access to these 
advances needs careful consideration. Overall, the 
potential for lower risks and shorter hospital stays through 
smaller resections is promising. However, careful 
evaluation, ongoing research, and responsible 
implementation are essential for maximizing benefits while 
ensuring patient safety and access. Tissue-sparing surgery 
depend on the specific type of cancer, its stage, and 
location, among other factors. There will still be cases where 
more extensive surgery is necessary for optimal outcomes. 
Moreover, the availability of advanced surgical options may 
vary widely depending on geographic location, healthcare 
infrastructure, and socio-economic factors. In conclusion, 
surgical procedures are likely to continue evolving towards 
minimizing tissue resection, reducing risks, and requiring 
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fewer days in hospital. This evolution is supported by 
technological advancements, a better understanding of 
diseases, and an emphasis on improving patient outcomes 
and quality of life. 


Will biopsy-only for common tumours become the 
only invasive procedure for most patients? 

The future of cancer diagnosis and treatment is indeed 
moving towards less invasive methods, with the ultimate 
goal of reducing or even eliminating the need for invasive 


procedures like traditional 
————| 


biopsies. For the four most 
6G The future of common cancers—lung, breast, 
cancer diagnosis colon, and prostate—this trend 
and treatment is 
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the availability and accuracy of 
like traditional 
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biopsy for only lung, breast, 
colon and prostate cancers will 
become the sole invasive 
procedure for most cancer 
patients. While these are among the most prevalent cancer 
types, restricting biopsy to just these four would miss 
opportunities to diagnose and stage many other treatable 
cancer types at early stages. However, advances in liquid 
biopsies, imaging analysis, biomarkers and molecular 
diagnostics may reduce reliance on traditional tissue 
biopsy across many cancer types. 


Liquid biopsies from blood tests can detect circulating 
tumour cells and tumour DNA for some cancers without 
invasive procedures. Whether biopsy will become the only 
invasive procedure for the four common tumours seems 
unlikely for most patients in the foreseeable future. While 
advances in biopsy techniques and diagnostics are 
exciting, there are several factors to consider in terms of 
limitations: 


Tissue sampling: Biopsies provide information about a 
specific area, but may not capture the full heterogeneity of 
a tumour or potential microscopic spread. 


Diagnostic limitations: Certain cancers require tissue 
analysis beyond what a biopsy can offer, such as assessing 
tumour grade, stage, or specific molecular features for 
targeted therapy. 


Precision medicine: Molecular profiling of cancer using 
minimally invasive methods is advancing, allowing for 
more targeted therapies based on genetic makeup. The 
accuracy and range of detectable markers keeps 
improving. 
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Radiomics and machine learning: Analysis of CT, PET and MRI 
scans can derive cancer risk scores and reduce 
unnecessary invasive biopsies following imaging. Tumour 
specific biomarkers when validated can diagnose cancer 
type and stage from minimally invasive procedures like 
fine needle aspirates. Organoids and other lab-on-chip 
innovations create ways to rapidly diagnose cancer from 
small tissue samples rather than extensive, risky biopsies. 
The goal is to derive maximal diagnostic and molecular 
information from least invasive approaches first, only 


escalating to more invasive 
ae biopsies when absolutely 
6¢Molecular 


warranted. But eliminating 
profiling of cancer tissue biopsy altogether risks 
using minimally 


missing cancers not yet 
° ° - detectable through blood or 
invasive methods is 
advancing, 


imaging, or misdiagnosis 
without pathology review. A 
allowing for more 
targeted therapies 


balanced, personalized 
approach combining multiple 
based on genetic 
makeup. °° 


technologies is most likely to 
emerge. 


Treatment planning: In many 
cases, additional information gained through surgery is 
crucial for determining the best course of treatment, like 
radical surgery for some cancers or assessing lymph node 
involvement. The benefits of surgery include complete 
tumour removal. Surgery remains the primary curative 
treatment for many cancers, offering definitive removal of 
the entire tumour mass. Exploration also provides a more 
comprehensive picture of cancer spread, leading to more 
accurate staging and guiding treatment decisions. In some 
cases, surgery itself can be therapeutic, like debulking 
tumour mass before other treatments. 


While significant progress in biopsy techniques and 
diagnostics is ongoing, replacing surgery entirely for most 
patients with the four common tumours is unlikely in the 
near future. Biopsy plays a crucial role in diagnosis, but 
surgery remains essential for definitive diagnosis, accurate 
staging, and potentially curative treatment in many cases. 
The future may see more tailored approaches where 
advanced biopsies and imaging can reduce the need for 
surgery in some patients, but complete replacement is 
improbable. Remember, this is a complex topic with 
ongoing research and advancements 


Alin diagnosis: Al and machine learning are being applied to 
imaging and pathology to improve diagnostic accuracy, 
which may further reduce the need for invasive diagnostic 
procedures. While non-invasive methods are advancing 
rapidly, their accuracy, availability, and cost-effectiveness 
compared to traditional biopsies vary across different 
cancers and healthcare systems. Non-invasive 
technologies and methods must be clinically validated to 
ensure they provide equivalent or superior information 
compared to traditional biopsies. In summary, while the 
trend is towards reducing the invasiveness of diagnostic 
procedures for lung, breast, colon, and prostate cancers, it 
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is unlikely that biopsies will become the only invasive 
procedure for most patients in the near future. Biopsies 
provide critical information for diagnosis, prognostication, 
and treatment planning that, in many cases, cannot yet be 
fully replicated by non-invasive methods. However, as 
technology advances, the role of traditional biopsy will 
diminish, leading to a more patient-friendly approach to 
cancer diagnosis and management. 


What is the future of radiotherapy utilisation in 
early-stage cancer patients? 

How radiotherapy is fractionated — split into daily doses - 
critically affects resource use. The future of radiotherapy 
utilization in early-stage cancer patients, particularly in the 
context of evolving technologies like FLASH ultra-high 
energy radiotherapy, is an area of significant interest and 
ongoing research. The potential shift towards single fraction 
regimens using FLASH radiotherapy could have profound 
implications for treatment efficacy, patient convenience, 
and healthcare resource utilization. Here’s an overview of 
current trends and future possibilities: 


¢ FLASH radiotherapy, which delivers ultra-high doses of 
radiation in a fraction of a second, is a promising 
development. It has the potential to reduce treatment times 
drastically. There is strong potential for increased utilization 
of radiotherapy, including ultra hypo-fractionated 
regimens, in early-stage cancer treatment in future. 
However, comparative effectiveness evidence is still 
needed. 


* Shorter courses improve access and cost - single or few 
fraction regimens dramatically lower resource demands 
and patient burden, enabling treatment scale up. 


* Equivalent outcomes - for certain early tumours like 
breast and prostate, emerging data already holds 
immense promise, with novel techniques like FLASH therapy 
offering potential for improved outcomes and resource 
efficiency. 


* Conventional radiotherapy involves fractionating the total 
dose into smaller daily or weekly doses over several weeks. 
This aims to minimize damage to healthy tissue while 
treating the tumour. This approach can be resource- 
intensive, requiring prolonged hospital visits and 
specialized equipment. While effective, it can also lead to 
side effects and treatment delays due to patient fatigue or 
logistical challenges. 


* Ongoing clinical trials are essential to determine whether 
single fraction regimens with FLASH radiotherapy are 
noninferior or superior to conventional courses. These trials 
will assess not just cancer control and survival rates, but 
also long-term side effects and quality of life. The critical 
question is whether such intense, rapid treatments can 
effectively target the tumour without increasing the risk of 
harm to surrounding healthy tissue. 


¢ Using non-conventional fractionation regimens including 
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FLASH may in theory result in better immune-stimulation. 
There are radiobiological rationales that concentrated 
dose delivery may stimulate greater anti-tumour immune 
response and effectiveness for systemic control, though 
such investigations is at an early stage. 


¢ Uncertainty around late effects - The long-term clinical 
impact and toxicity risks following ultra-hypofractionation 
remain less characterized and require further evaluation 
through rigorous trials and registries. Safety data is 
maturing. 


¢ Single-fraction regimens could significantly reduce 
treatment duration, potentially from weeks to minutes, 
improving patient comfort and reducing healthcare 
resource utilization. The rapid delivery might minimize 
damage to healthy surrounding tissues, leading to fewer 
side effects and improved quality of life for patients. 


Patient convenience and compliance: Shorter treatment 
courses would be more convenient for patients, reducing 
the burden of frequent hospital visits and the associated 
costs and logistical challenges. Improved convenience 
could also lead to better treatment compliance and early 
cancers pending confirmation from pending randomized 
data. If powered by advances like Flash, they could 
significantly expand radiotherapy access at lower costs. 
But continued outcomes research and judicious clinical 
implementation remain important as adoption 
accelerates. Overall, FLASH therapy represents a significant 
advancement in radiotherapy with the potential to 
revolutionize early-stage cancer treatment. 


Will single fraction regimens using FLASH ultra- 
high energy beams improve outcomes? 

While challenges remain, ongoing research and 
development efforts hold immense promise for bringing 
this technology to patients in the near future. Advanced 
imaging and genomic technologies can pave the way for 
personalized radiotherapy regimens tailored to individual 
tumour characteristics and patient needs. Real-time image 
guidance during treatment ensures accurate targeting and 
minimizes radiation exposure to healthy tissues. Combining 
radiotherapy with other treatment options like surgery, 
immunotherapy, or targeted therapy can further improve 
outcomes for patients. Looking ahead, the future of 
radiotherapy in early-stage cancer is bright. With ongoing 
research, technological advances, and a focus on 
personalization, we can expect to see more effective, 
efficient, and patient-centred treatment approaches 
emerge. 


Healthcare systems might need to adjust to the integration 
of new technologies like FLASH radiotherapy. This includes 
training for healthcare professionals, investment in new 
equipment, and changes to treatment protocols and 
scheduling. Ultra-precise imaging and radiotherapy set-up 
will be necessary as correct positioning of the tumour in the 
beam will be essential to avoid irradiating surrounding 
organs at risk and causing geographical miss of active 
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cancer cells. The cost of implementing such advanced 
technology will have to be balanced against the potential 
savings from reduced treatment times and improved 
patient outcomes. As with other areas of cancer treatment, 
there is a trend towards more personalized approaches. 
The suitability of FLASH radiotherapy might vary depending 
on the type of cancer, its stage, and individual patient 
factors. Ensuring equitable access to advanced 
radiotherapy technologies remains a challenge. High 
income countries are more likely to benefit initially from 
such advancements, widening the gap in cancer care 
globally. 


In summary, the future of radiotherapy in early-stage 
cancer patients, particularly with the advent of 
technologies like FLASH radiotherapy, is promising but 
requires careful evaluation through clinical trials. The 
potential benefits in terms of efficacy, reduced side effects, 
patient convenience, and resource utilization are 
significant, but these must be weighed against the costs, 
training needs, and practical implementation challenges. 
The next few years will likely be crucial in determining the 
role of FLASH radiotherapy in cancer care. 


Will Al replace the need for physicists and 
physicians in radiotherapy planning? 

Alhas the potential to significantly transform the field of 
radiotherapy, improving the efficiency and precision of 
treatment planning and delivery. Aland machine learning 
algorithms can automate many aspects of radiotherapy 


planning, which traditionally 
a 


require significant time and 
&& The future of expertise from medical 
radiotherapy in 


physicists and radiation 
early-stage cancer oncologists. However, the idea 
patients, 


that Al could replace these 
‘ . professionals entirely, allowing 
particularly with 
the advent of 
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complexities and 
responsibilities involved in 
radiotherapy, is radiotherapy. It is unlikely Al will 
promising but 
requires careful 


fully replace the need for 
evaluation through 
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radiotherapy planning, but Al 
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does have the potential to 
augment and enhance many 
aspects of the planning process 
and enable qualified 
technicians to supervise routine 
radiation therapy delivery. Here are several key 
considerations. 


Physicists: Al can automate aspects of treatment plan 
optimization and quality assurance checks, but human 
physicists will still be needed to oversee algorithm 
development, tune model parameters, validate device 
performance, and handle complex cases. Al is unlikely to 
surpass human judgment on difficult trade-offs. 
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Physicians: Al may inform physicians’ decisions around 
patient eligibility, treatment margins and dose constraints, 
but it’s unlikely that Al will completely replace the need for 
physicists and physicians in radiotherapy planning and 
allow for technician supervision of therapy in the near 
future. While Al is undoubtedly revolutionizing healthcare, 
the complex and nuanced nature of radiotherapy 
necessitates human expertise. 


Arguments against AI replacing all human involvement: 
Radiotherapy planning involves complex decisions about 
dosage, beam intensity, and treatment angles, directly 
impacting patient safety and efficacy. Replacing these 
decisions entirely with Al poses ethical and safety concerns. 
Each patient's anatomy, tumour characteristics, and 
response to treatment vary significantly. Al can rapidly 
analyse imaging data to delineate tumours and 
surrounding organs at risk, proposing optimal treatment 
plans that maximize the dose to the tumour while 


minimizing exposure to healthy 
Sa) 


tissues. This process, which can 
CCAT will likely play take hours or days when done 
an increasingly manually, can be reduced to 
important role in minutes or seconds with Al, 
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Adaptive radiotherapy: Al can 
assist in adapting treatment 
plans in response to changes in 
tumour size, shape, or position 
during the treatment course, a 
process that is resource 
intensive but crucial for 
effective treatment and 
minimising long-term side- 
effects. 


Quality assurance: Al algorithms 
can automate the verification 
of treatment plans and 
monitor delivery to ensure that 
it matches the prescribed plan, enhancing patient safety. 
With the right protocols and quality control, radiotherapy 
delivery is becoming sufficiently protocolized that trained 
technicians could potentially deliver standardized 
treatments under physician supervision. Al also shows 
promise in automated image-guided patient positioning. 
However, human experts add an element of art, qualitative 
assessment and emotional intelligence when balancing 
clinical evidence and patient goals. Alcan make the 
planning and delivery process more efficient, but 
radiotherapy will likely remain a collaborative effort 
between humans and technology for the foreseeable 
future. Complete replacement of any role is unlikely soon. 


Automating routine tasks: Al can handle repetitive tasks like 
data analysis, plan optimization, and dose calculations, 
freeing up physicists’ time for complex planning and 
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patient interaction. Al can offer clinicians data-driven 
insights and suggest treatment options, but final decisions 
will remain in human hands. Al can analyse vast amounts 
of patient data to personalize treatment plans and predict 
potential risks or side effects, aiding physicians in 
optimizing care. 


Future outlook: Al will likely play an increasingly important 
role in radiotherapy planning and delivery, but it’s crucial to 
remember that it’s a tool, not a replacement for involves 
complex decision - making that balances clinical 
outcomes, potential side effects, and patient -specific 
factors. Alcan propose options, but the final decision often 
requires human judgment and experience. Physicians are 
responsible for the ethical considerations and outcomes of 
treatment. Decisions about treatment goals, potential risks, 
and managing complications require a level of 
accountability that cannot be transferred to Al or 
technicians. Beyond the technical aspects of treatment 
planning, physicians and medical physicists provide 
essential patient care, including explaining treatment 
options, managing expectations, and addressing concerns 
and side effects, which are critical for patient well -being 
and cannot be automated. 


While Al can streamline many aspects of radiotherapy 
planning and delivery, the supervision of therapy involves 
responsibilities beyond what Al or technicians alone can 
manage. Collaboration between Al and healthcare 
professionals is key to maximizing the benefits of 
technology while ensuring patient safety and optimal 
treatment outcomes. 


Conclusion: While Al promises significant advances in 
radiotherapy, complete automation with technician 
supervision remains unlikely. The complex and 
individualized nature of cancer care necessitates human 
oversight, critical decision -making, and real-time 
adaptability that Alis not yet capable of. Future 
applications will likely focus on supporting and enhancing 
the work of physicists and physicians, leading to more 
efficient, personalized, and effective radiotherapy for 
patients. In case of unexpected reactions or technical 
issues during treatment, clinical professionals are essential 
for immediate assessment and intervention. 


Alis poised to revolutionise radiotherapy by enhancing 
efficiency, precision, and possibly patient outcomes. 
However, rather than replacing the need for medical 
physicists and physicians, Al will more likely augment their 
capabilities, allowing them to focus on the more nuanced 
and complex aspects of patient care. The role of 
radiographers might well expand under Al's influence, but 
the oversight and expertise provided by trained medical 
professionals remain indispensable for safe and effective 
radiotherapy. The integration of Al into radiotherapy 
represents a collaborative approach, leveraging 
technology to improve care while maintaining the 
essential human elements of medical decision-making 
and patient support. 
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How will molecular markers in biopsies and blood 
impact on choice of systemic therapy? 

The identification and analysis of molecular markers in 
biopsies and blood (liquid biopsies) are transforming the 
landscape of systemic cancer therapy. Molecular markers, 
including genetic mutations, gene expression, and other 
genomic alterations, provide critical insights into the 
biology of individual tumours. This information is driving a 
shift towards personalized or precision medicine, where the 
choice of systemic therapy is tailored to the specific 
molecular characteristics of a patient’s cancer. Here’s how 
molecular markers are impacting the choice of systemic 
therapy: 


¢ Molecular markers can identify specific genetic mutations 
or alterations in tumours that can be targeted by drugs 
designed to inhibit the growth of those cells. For example, 
the presence of EGFR mutations in non-small cell lung 
cancer (NSCLC) or HER2 overexpression in breast cancer 
guides the use of targeted therapies that have significantly 
improved outcomes for these patients. 


¢ Markers such as PD-LI, PDI, mismatch repair deficiency 
(MMR) expression and total mutational burden (TMD) are 
used to select patients likely to respond to immunotherapy. 


¢ Biomarker analysis will enable more personalized 
matching of patients to targeted therapies likely to 
benefit them and avoid ineffective toxicities. Tests for 
markers like ALK rearrangements, HER2 amplifications, 
and others increasingly guide targeted drug choices. 
Multi-biomarker expression profiles are beginning to 
categorise tumour subtypes, directing assignment to 
newly emerging immunotherapies versus chemotherapy 
backbones. Even blood-based tests are increasingly 
providing this insight. 


* Monitoring biomarker status from liquid biopsies during 
therapy is also helping assess early treatment response 
versus resistance to guide regimen changes in a more 
dynamic way. 


¢ Broad biomarker analysis aids clinical trial recruitment for 
both new targeted agents and combinations of older 
drugs. Molecular markers are having a significant impact 
on choosing systemic therapy for various cancers, and this 
trend is expected to continue 


¢ Certain molecular markers can provide information about 
the aggressiveness of a cancer and its likelihood of 
recurrence, helping to stratify patients into different risk 
categories. This information can guide decisions about the 
intensity of treatment needed. Beyond indicating the 
probable course of the disease, molecular markers can 
predict how well a particular cancer might respond to 
specific systemic therapies. This predictive ability ensures 
that patients receive the most effective treatments for their 
cancer type and stage, potentially sparing them from the 
side effects of less effective treatments. improving the 
efficiency of therapeutic development. 
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Challenges and limitations: Not all targeted therapies are 
easily accessible due to their high cost, raising concerns 
about equitable access to these advances. Interpreting 
and utilizing marker data effectively requires expertise and 
ongoing research to establish clear guidelines for clinical 
application. Not all cancers have established targeted 
therapies based on molecular markers, and more 
research is needed to cover wider categories. Molecular 
markers detected in blood through liquid biopsies can be 
used to monitor response to treatment in real - time, 
allowing for early detection of resistance. This enables a 
timely switch to alternative therapies before the disease 
progresses further. 


Sensitive detection of molecular markers can identify 
minimal residual disease (MRD) that remains after 
treatment, which is a strong predictor of relapse. Identifying 
MRD can lead to adjustments in therapy to prevent 
recurrence. The use of molecular diagnostics and targeted 
therapies can be expensive, and access to these 
technologies and treatments varies widely across different 
healthcare systems and regions. Cancers can harbour 
multiple mutations and evolve 
complex resistance 
mechanisms, making it 
challenging to select and 
sustain effective therapies. 
research and responsible 
implementation, these 
advances hold immense 
promise for improving 
treatment efficacy, reducing 
side effects, and personalizing 
care for cancer patients. 
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Conclusion: Molecular markers 
in biopsies and blood are 
fundamentally changing the 
approach to systemic therapy 
in oncology. By enabling the 
selection of therapies based on 
the genetic makeup of 
individual tumours, they offer 
the promise of more effective 
and less toxic treatments. However, realizing the full 
potential of this approach requires overcoming challenges 
related to cost, access, and the complexity of tumour 
biology. As research continues and these technologies 
become more integrated into clinical practice, personalized 
cancer treatment based on molecular markers is expected 
to become increasingly central to oncology care. 


Howsoon will new, expensive oral drugs shift away 
from traditional intravenous cytotoxics? 

The chemotherapy landscape is still dominated by old 
highly toxic drugs given intravenously (IV) in a costly 
manner. The shift from IV chemotherapy to oral targeted 
therapies as the mainstay of cancer treatment is underway, 
but the transition is likely to take another 10-15 years in most 
health systems rather than happening immediately. A few 
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key factors influencing the pace of change. The 
chemotherapy landscape is indeed undergoing significant 
changes, but it’s unlikely that new, expensive oral targeted 
therapies will entirely replace traditional lV chemotherapy 
anytime soon. Here’s a breakdown of the current situation 
and future outlook: 


There are several factors influencing the pace and extent to 
which newer, targeted therapies are replacing or being 
used alongside traditional chemotherapy. Here are key 
considerations and trends that provide insight into this 
evolution: 


Precision: Targeted therapies are designed to target 
specific molecular pathways involved in cancer cell growth 
and survival, offering the potential for more effective and 
less toxic treatment compared to traditional 


chemotherapy, which often 
———— 


affects both cancerous and 
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Oraladministration: Many 
targeted therapies are 
available in oral formulations, 
improving convenience for 
patients and reducing the need 
for hospital or clinic visits for IV 
administration. This can lead to 
better quality of life and 
adherence to treatment 
regimens. 


coverage for new 
oral targeted 
therapies. >° 


Clinical evidence: The adoption 
of targeted therapies over 
traditional chemotherapy 
depends on robust clinical evidence to obtain regulatory 
approval and reimbursement coverage for new oral 
targeted therapies. The costs of these medications have 
been barriers to rapid uptake so expanding coverage 
policies will accelerate adoption. 


Breadth of cancer genomic profiling: As more tumours are 
sequenced, more patients will be matched with a relevant 
targeted oral option, promoting a major utilisation shift. But 
routine sequencing is still inconsistent and the current 
databases are relatively small. 


Pace of accrual of real-world evidence: In the development on 
new oral regimens. As more data demonstrates the 
comparative effectiveness of oral options over IV chemo, 
especially paired with biomarkers, practice patterns tend to 
shift. But this evidence takes years of observation to amass. 
There is significant innate clinician conservatism and 
protocol adherence. Oncologists take time to gain comfort 
switching away from entrenched regimens to new oral 
options unless there are clear mandates to change. 
Cultural inertia also slows oral adoption. So, while leading 
academic centres may switch the majority of appropriate 
patients to orally administered precision therapy regimens 
within 5 years, it will likely take at least a decade for 
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community practices to follow suit where the financials 
simply favour a conservative view. Hybrid regimens will 
persist for at least a decade. 


Challenges and barriers: One of the most significant barriers 
to the widespread replacement of IV chemotherapy with 
oral targeted therapies is cost. Newer targeted agents are 
often substantially more expensive, which can limit 
accessibility and adoption, especially in resource-limited 
settings. The effective use of targeted therapies requires 
detailed molecular profiling of tumours, which can be 
resource-intensive and is not yet universally available in all 
healthcare settings. Therefore, the transition, albeit 
inevitable, is poised to stretch well into the 2030s at a global 
health systems level based on the interplay of regulatory, 
financial, clinical and cultural forces at play. making these 
therapies more cost-effective, improving accessibility. 
Using targeted therapies alongside chemo or other 
treatment modalities might optimize outcomes while 
managing costs. 


Completely replacing traditional chemotherapy with new 
targeted therapies is unlikely in the immediate future. The 
high cost, limited applicability, and ongoing research 
suggest a more gradual shift towards the increased use of 
targeted therapies where they demonstrably offer superior 
benefits. Continued use of traditional chemotherapy for 
appropriate patients, potentially combined with targeted 
agents is inevitable. 


Resistance and relapse: Some cancers develop resistance to 
targeted therapies, necessitating a return to traditional 
chemotherapy or a combination approach. Ongoing 
research is focused on overcoming resistance 
mechanisms. As our understanding of cancer biology 
deepens and more molecular targets are identified, the use 
of targeted therapies is expected to increase, potentially 
replacing traditional chemotherapy for specific cancer 
types and patient populations. 


Cost-effectiveness and accessibility: Efforts to reduce the costs 
of targeted therapies and improve their efficacy, including 
the development of generic versions of oral agents, could 
facilitate wider adoption. Integrating molecular 
diagnostics into routine care will support the more 
widespread use of targeted therapies, ensuring that 
treatment decisions are based on the genetic makeup of 
each patient's cancer. 


Conclusion: The transition from traditional chemotherapy to 
oral molecularly targeted agents is ongoing and is 
influenced by advances in cancer research, drug 
development, and healthcare policy. While it’s difficult to 
predict precisely when targeted therapies will replace 
traditional chemotherapy, the trend is clearly towards 
more personalized, less toxic, and potentially oral 
treatments. This shift will continue as new therapies are 
developed, costs are addressed, and the benefits of 
targeted approaches are increasingly demonstrated in 
clinical practice. 
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Anincreasing number of tumour types appear to 
respond to expensive immunotherapy. Will the cost 
of the drugs and their delivery continue to 
increase? 

The expanding role of immunotherapy in treating various 
tumour types has been one of the most significant 
advances in cancer care in recent decades. These 
therapies, which leverage the body’s immune system to 
fight cancer, have shown remarkable efficacy across a 
range of cancers, including melanoma, lung cancer, kidney 
cancer, and many others. However, the high costs 
associated with immunotherapies—both in terms of the 
drugs themselves and the delivery of care—are substantial 
concerns. Looking ahead, several factors will influence their 
use. | expect the cost will to continue increase over the next 
5-10 years before plateauing. A few key factors driving 
continued near-term cost escalation: 


More immuno-oncology (IO) drug approvals: Over 1,000 lO 
agents are in pharma pipelines, and newly approved drugs 
command premium pricing, raising costs with every new 
entrant. 


Expanded treatment populations: Regulators are approving 
I-O drugs for more cancer types and stages, increasing 
patient volumes. Recent It is true that immunotherapy holds 
promise for a growing number of cancer types, but 
concerns regarding the cost of these drugs and their 
delivery are justified. While predicting the future of costs is 
intricate, here’s an overview of the situation and potential 
scenarios: Factors contributing to high costs: 


Research and development: Developing these complex drugs 
involves extensive research, clinical trials, and 
manufacturing processes, leading to high initial costs. 


Specificity and efficacy: Immunotherapies often target 
specific pathways or immune cells, requiring complex 
design and whether the costs of these drugs and their 
delivery will continue to increase. 


Manufacturing complexity: Many immunotherapies, 
especially cell therapies like CAR-T treatments and MRNA 
personalised cancer vaccines are complex to manufacture 
and personalize, contributing to their high cost. 


Market competition: As more immunotherapies are 
developed and approved, increased competition could 
potentially lead to price adjustments. However, this effect 
may be offset by the high demand and the unique value 
proposition of these therapies. 


Healthcare system dynamics: Pricing and reimbursement 
policies within different healthcare systems can also 
impact the overall costs associated with delivering 
immunotherapy. In some countries, negotiations and 
examples include earlier stage lung cancer and 
combination therapies. 


Ongoing combination regimens: As |O monoclonal antibodies 
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are now being paired with chemotherapies, targeted small 
molecules, dual |O combinations each successive regimen 
increases in cost. 


Dosing optimization research: Studies helping refine lO dosing 
for improved response rates and durability may increase 
per patient dosage strengths and duration thereby hiking 
costs. However, longer term there are countervailing 
dynamics that will begin to apply downward cost pressure 
and slow spending growth rates. Biosimilar agents will 
emerge lowering price points. Gene expression signatures, 
biomarkers, and phenotyping tools to optimize patient 
selection will reduce some waste. As data matures, lO 
cost-effectiveness will face more scrutiny, forcing pricing 
justification. So while the immunotherapy cost trajectory 
will remain upwards for a while, counterforces are 
accumulating that are likely to constrain the cost 
acceleration to a 5-10 year window. Mandated price 
changes could impact timeframes as well. But near-term, 
costs will continue rising. As new drugs enter the market, 
competition can drive down prices. However, some 
immunotherapies have limited competition, allowing 
manufacturers to set higher prices. 
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Delivery and monitoring: 
Immunotherapy can require 
specialized administration and 
close monitoring, adding to the 
overall cost of treatment. 


Potential scenarios for 
future costs 

Continued increase: If the current 
factors remain dominant, the 
cost of immunotherapies may 
continue to rise, potentially 
limiting access for many 
patients. 


Gradual decrease: Increased competition, advancements in 
manufacturing, and value-based pricing models could 
lead to a gradual decrease in costs over time. 


Government intervention: Policy changes promoting generic 
versions, price negotiations, or public funding models could 
help curb costs and improve access. Additional 
considerations: 


Value-based pricing links drug prices to their demonstrated 
value in terms of patient outcomes, potentially leading to 
fairer pricing models. Ensuring equitable access to these 
lifesaving treatments for all health technology assessments 
(HTAs) can influence drug prices. The introduction of 
biosimilars for immunotherapies could lead to reduced 
costs, similar to the impact generics have had in the realm 
of traditional chemotherapy. However, the development 
and approval of biosimilars for complex biologics are 
challenging and time consuming. Ongoing research might 
lead to more cost-effective methods of delivering 
immunotherapy or to the development of therapies that 
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require less frequent dosing or shorter durations of 
treatment, Governments and insurers may implement new 
policies to manage the cost of cancer care, including 
immunotherapies. 


Conclusion: The future of immunotherapy costs is uncertain 
and depends on various factors. While rising costs are a 
concern, potential solutions like competition, technological 
advancements, and policy changes may offer some hope 
for cost reduction and improved access. Continuously 
monitoring the situation and advocating for affordable and 
accessible treatments remain crucial for patients and 
healthcare systems alike. Efforts to improve access to 
immunotherapies in low- middle income countries could 
involve novel pricing strategies, partnerships between 
pharmaceutical companies and global health 
organizations, and increased investment in healthcare 
infrastructure. While the cost of immunotherapies and their 
delivery is currently high, a combination of market forces, 
policy interventions, and scientific advancements could 
influence future pricing dynamics. The challenge will be to 
balance the need for continued innovation and reward for 
pharmaceutical breakthroughs with the imperative to 
ensure patient access to these life-saving treatments. 
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Will better predictive 
markers for immune 
approaches evolve before 
2050? 

Given the current pace of 
advance in cancer research 
and immunotherapy, it is 
highly plausible that by 2050, 
we will have seen significant 
evolution in both tissue and 
blood predictive markers for 
immune-based cancer treatments. The field of oncology is 
rapidly advancing, with many more predictive biomarkers 
to guide cancer immunotherapies will be discovered and 
validated well before 2050. Here are some reasons why: 


Currently there is a rapid pace of research - hundreds of 
studies are underway probing the tumour 
microenvironment. It’s highly likely that better tissue and 
blood predictive markers for immune approaches will 
evolve well before 2050. The field of immuno-oncology is 
experiencing rapid advancements, and research in 
predictive markers is a crucial area of focus. Here’s why we 
can expect progress: 


Breakthroughs: In understanding the molecular and 
immunological underpinnings of cancer. These advances 
are paving the way for the development of more 
sophisticated and predictive biomarkers. 
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Advances in genomic and molecular technology: High- 
throughput sequencing technologies like next generation 
sequencing (NGS) are becoming more affordable and 
widespread, allowing for comprehensive genomic profiling 
of tumours. This enables the identification of mutations and 
neoantigens that can predict response to immunotherapy. 


Single-cell sequencing: This technology allows for the analysis 
of the genetic and functional characteristics of individual 
cells within a tumour, providing insights into the tumour 
microenvironment (TME) and immune evasion 
mechanisms that could inform the development of 
predictive markers. 


Adyances in multi-omics profiling: Bioinformatics, high- 
dimensional analysis and machine learning are enabling 
investigation of nuanced molecular predictors in various 
sample types. This expands search capacity. 


Synergy with personalized medicine: The immunotherapy field 
recognizes that a one-size-fits-all approach wastes 
resources. Tailoring based on an individual's tumour 
biology is the future, driving biomarker quests. 


Improved patient selection: More accurate markers can 
identify patients who are most likely to benefit from 
immunotherapy, reducing unnecessary treatment and side 
effects. Markers can guide the development of new 
immunotherapies targeting specific patient subgroups or 
tumour features. Ongoing research is likely to identify new 
checkpoints and ligands that could serve as both 
therapeutic targets and predictive markers. (TiLs): The 
presence and characteristics of Tumour-infiltrating 
lymphocytes (TILs) within the TME are indicative of the 
immune response to the tumour. Advanced imaging and 
molecular analysis techniques are improving our ability to 
quantify and characterize TILs, offering potential predictive 
value. 


These components can also be analysed for biomarkers 
that predict response to Given these converging scientific, 
technologic, and economic drivers, the pace of biomarker 
discovery to guide cancer immunotherapies is likely to 
rapidly accelerate through 2030 and achieve widespread 
clinical implementation well before 2050, offering 
transformative personalization potential. response to 
therapy and personalize treatment strategies based on 
changing tumour and immune profiles. While the prospects 
are promising, several challenges remain, including the 
heterogeneity of tumours, the dynamic nature of the 
immune response, and the need for standardized assays 
and validation of predictive markers across different 
populations and cancer types. 


Conclusion: Considering the current trajectory of research 
and technological advance, it is reasonable to anticipate 
that by 2050, we will have significantly more advanced and 
reliable tissue and blood predictive markers for guiding 
immunotherapeutic approaches in oncology. These 
developments will likely provide the information relevant to 
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a specific clinical situation. leading to more personalized 
and effective cancer treatments, with the potential to 
improve outcomes and reduce toxicity for patients. 


How will tyrosine kinase inhibitors be used as 
cancer treatment in 2050? 

By 2050, the use of tyrosine kinase inhibitors (TKIs) in cancer 
treatment is expected to have advanced significantly, 
benefiting from decades of research into cancer biology, 
drug development, and personalised medicine. Here are 
some ways TKIs could be used and evolved by 2050: 


Targeted therapy with greater precision: With a deeper 
understanding of the genetic and molecular underpinnings 
of various cancers, TKIs will be designed to target specific 
mutations and alterations more precisely. This will minimize 
off-target effects and improve the efficacy of treatments, 
leading to better patient outcomes with fewer side effects. 


Combination therapies: TKIs will likely be used in combination 
with other treatments, such as immunotherapies, 
chemotherapy, radiation therapy, or other targeted 
therapies, to overcome resistance mechanisms that 
cancer cells develop. By targeting multiple pathways 
involved in cancer progression, these combination 
therapies will aim to prevent or delay resistance, providing 
more durable responses. Analysis of cancer signalling 
networks will show rational drug combinations able to block 
tumour survival pathway redundancies. This will enable 
multi-TKI treatment “cocktails” for enhanced efficacy and 
preventing drug resistance relative to monotherapies. 


Personalised medicine: Advances in genomics and 
molecular diagnostics will enable the identification of 
specific biomarkers that predict response to certain TKIs. 
This will allow for the selection of the most effective TKI for 
each patient based on their tumour’s genetic makeup, 
maximizing the likelinood of treatment success and 
minimizing unnecessary exposure to ineffective therapies. 


Next generation TKIs: Researchers will develop new 
generations of TKIs that are more potent and selective, with 
the ability to overcome resistance mechanisms that limit 
the efficacy of current treatments. These new drugs will 
target previously “undruggable” tyrosine kinases and 
mutations, expanding the range of cancers that can be 
treated effectively with TKls. 


Overcoming resistance: A significant focus will be on 
understanding and overcoming resistance to TKIs, which is 
a major challenge in their current use. By 2050, strategies 
such as adaptive dosing, the use of drug combinations, and 
the development of next-generation inhibitors will be 
standard practice to manage and prevent resistance. 


Non-invasive monitoring: Liquid biopsies and other non- 
invasive techniques will be used to monitor the 
effectiveness of TKIs in real-time, allowing for early 
detection of resistance and enabling swift changes in 
treatment strategies. This will ensure that patients are 
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always receiving the most effective therapy based on the 
current state of their disease. 


Broader application across cancers: As the molecular 
mechanisms of more cancers are unravelled, TKIs will find 
broader applications across a wide range of tumour types, 
including those where they are not currently a standard 
treatment option. This will be facilitated by the discovery of 


—————— common pathways and 
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Reduced cost and global access: 
Advances in drug 
development and 
manufacturing, along with 
changes in healthcare 
policies, could lead to 
reduced costs for TKIs, 
making these life-saving 
treatments more accessible to patients worldwide, 
including in low- and middle-income countries. 


Integration with digital health: Digital health technologies, 
including Al and machine learning, will be used to optimize 
TKI therapy, predicting side effects, and monitoring patient 
adherence and response to treatment. This will help in 
personalizing treatment schedules and dosages for 
individual patients. 


Advanced delivery vehicles: To improve PK/PD, next- 
generation TKIs will employ new oral or injectable macro/ 
nano carriers whether lipid nanoparticles, hydrogels or 
minicells to stabilize, enhance tumour delivery and 
controlled release of TKIs close to cancer cells. 


Molecular biomarker guidance: A new paradigm of molecular 
imaging using total-body PET scans will help track dynamic 
changes in tumour phenotype and signalling pathways 
over the course of TKI therapy. This will guide precision 
switching of TKI treatments to continuously match the right 
drug to the right cancer target in each patient. 


Al-optimized therapy: Large datasets will allow machine 
learning models to predict patient responses, major side 
effects or resistance patterns with TKI combinations. This 
will help oncologists finetune timed sequencing and dosing 
of TKI regimens tailored to each cancer case for sustained 
benefit through 2050 and beyond. 


In conclusion, by 2050, TKls have the potential to become 
even more personalized, effective, and integrated with 
other treatment modalities, offering a more holistic 
approach to cancer treatment. 


What are likely new targets for monoclonal 
antibodies for cancer treatment? 

By 2050, the landscape of monoclonal antibody (MAB) 
therapy for cancer treatment is likely to have evolved 
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significantly, driven by advances in immunology, genomics, 
and biotechnology. Identifying new targets for monoclonal 
antibodies will be critical in expanding the repertoire of 
treatments for various cancers. Here are some areas where 
new targets are likely to emerge: 


Tumour microenvironment (TME) modulation: The tumour 
microenvironment plays a crucial role in cancer 
progression and resistance to therapy. Monoclonal 
antibodies targeting cells and factors within the TME, such 
as cancer-associated fibroblasts (CAFs), myeloid-derived 
suppressor cells (MDSCs), and regulatory T cells (TREGS), 
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Immune checkpoint molecules 
beyond PD-1/PD-L1 and CTLA-4: 
New targets for immune 
checkpoint inhibition are 
likely to be identified, 
expanding beyond the 
currently targeted PD-1/PD-LI 
and CTLA-4 pathways. 
Potential targets could 
include LAG-3, TIM-3, TIGIT, 
and VISTA. These molecules 
play roles in regulating the 
immune response and could be targeted to enhance 
anti-tumour immunity. 


Cancer neo-antigens: Advances in genomics and 
bioinformatics will enable the identification of tumour- 
specific neoantigens, which are ideal targets for 
monoclonal antibodies due to their high specificity for 
cancer cells. Targeting neoantigens could lead to highly 
personalized MAB therapies with minimal off-target effects. 


Angiogenesis beyond VEGF: While VEGF has been a target for 
anti-angiogenic therapies, future monoclonal antibodies 
may target other molecules involved in angiogenesis and 
lymphangiogenesis. These could include angiopoietins, Tie 
receptors, and other growth factors that contribute to the 
formation of new blood vessels supporting tumour growth. 


Cancer stem cells (CSCs): CSCs are thought to be responsible 
for cancer recurrence and metastasis due to their self- 
renewal capacity and resistance to conventional therapies. 
Monoclonal antibodies targeting surface markers or 
signalling pathways specific to CSCs could provide new 
avenues for eradicating tumours and preventing relapse. 


Metabolic pathways: Cancer cells often exhibit altered 
metabolism. Monoclonal antibodies targeting metabolic 
enzymes or transporters unique to cancer cells could 
disrupt their metabolic demands, leading to cancer cell 
death while sparing normal cells. 
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Signal transduction molecules: Further understanding of the 
signalling pathways involved in cancer progression will 
highlight new intracellular and surface molecules as 
targets for monoclonal antibodies. This includes growth 
factor receptors, G protein-coupled receptors (GPCRs), and 
components of the Wnt, Notch, and Hedgehog signalling 
pathways. 


Epigenetic modifiers: Targeting epigenetic modifications 
that are characteristic of cancer cells, such as specific DNA 
methylation patterns and histone modifications, could be a 
novel strategy. Monoclonal antibodies that recognize these 
epigenetic changes could deliver cytotoxic agents or 
recruit immune effector functions to kill cancer cells. 


Microenvironmental stress markers: Cancer cells often survive 
in hostile microenvironments characterized by hypoxia, 
nutrient deprivation, and acidosis. Monoclonal antibodies 
could target markers or adaptive responses specific to 
these conditions, exploiting cancer cell vulnerabilities. 


Intracellular targets via novel delivery mechanisms: Although 
monoclonal antibodies traditionally target extracellular 
molecules, advancements in delivery technologies could 
enable them to address intracellular targets by delivering 
payloads (eg,., toxins, RNA interference molecules) into 
cancer cells, expanding the range of potential targets. The 
identification and validation of these new targets will be 
facilitated by advances in technologies such as single-cell 
sequencing, proteomics, and Al-driven drug discovery 
platforms. These developments will enable the design of 
more effective, less toxic, and highly personalized 
monoclonal antibody therapies for cancer treatment. 


Epitopes exposed by oncolytic viruses: Viruses replicating in 
tumours reveal new targets for monoclonal antibody binding 
not normally accessible (e.g. membrane fusion proteins). 


Cancer mutanomes: Unique mutated proteins per patient 
tumour by 2050 will be identifiable by deep sequencing, 
allowing construction of engineered personalized 
monoclonals. 


Combination targets: Dual or multifunctional engineered 
monoclonal antibodies will be designed to hit synergistic 
targets simultaneously (e.g. tumour antigen and effector 
cell recruitment). 


In summary, future monoclonal antibodies tapping into 
pathways unlocked by emerging viral, immune, nano- 
delivery or computational technologies have vast 
prospects against cancer in the coming decades. The field 
of monoclonal antibody development for cancer treatment 
is constantly evolving, with researchers exploring various 
promising new targets. Leveraging Al for in silico target 
identification and antibody design, accelerating the 
discovery and development of novel MABs with improved 
efficacy and specificity, efficacy and cost-effectiveness: 
Ensuring the affordability and accessibility of novel MAB 
therapies for patients. 
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By focusing on these potential new targets and addressing 
the associated challenges, researchers aim to develop 
more effective and personalized MAB-based therapies for 
various cancers, improving patient outcomes and overall 
survival rates in the future. 


How will Al be used in the design of new cancer 
drugs? 

By 2050, artificial intelligence (Al) is expected to play a 
transformative role in the design of new cancer drugs, 
leveraging its capabilities to analyse vast datasets, identify 
patterns, and make predictions at speeds and accuracies 
far beyond human capabilities. Here are several ways Al is 
likely to impact the drug design process: 


Target identification and validation: Al algorithms will be able 
to sift through large-scale biological data, including 
genomic, proteomic, and metabolomic datasets, to identify 
novel targets for cancer therapy. These could include 
proteins, RNA molecules, or specific mutations associated 
with cancer development and progression. Al can help in 
understanding the complex interactions within the tumour 
microenvironment, identifying potential therapeutic targets 
that were previously unrecognized. 


6¢ A! will accelerate 
the drug discovery 
process by predicting 


Drug discovery and lead 
optimization: Al will 
accelerate the drug 
discovery process by 
predicting the biological 
activity of chemical 
compounds against cancer 
targets. This includes the 
identification of small 
molecules, peptides, or 
biologics that can modulate 
the activity of these targets. 
Al algorithms can also suggest modifications to chemical 
structures to improve drug efficacy, reduce toxicity, and 
enhance pharmacokinetic properties, streamlining the lead 
optimization process. 


the biological 
activity of chemical 
compounds against 
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Predicting drug responses and resistance: By analysing data 
from preclinical models and clinical trials, Al models can 
predict how cancer cells may respond or develop 
resistance to new drugs. This information can guide the 
design of drugs that are less likely to elicit resistance or 
identify combinations of drugs that can overcome or 
prevent resistance. 


Personalized medicine: Al will enable the design of drugs 
tailored to the genetic makeup of individual patients’ 
tumours. By analysing genetic and molecular data from 
tumours, Al algorithms can identify the most effective drug 
targets and predict the best therapeutic agents for each 
patient, thus personalizing treatment plans to improve 
outcomes. 


Enhancing drug repurposing: Al can identify new uses for 
existing drugs, including those not previously considered for 
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cancer treatment. By analysing detailed information about 
drug mechanisms of action and cross-referencing with 
cancer-related biological pathways, Al can uncover 
unexpected drug-disease relationships, significantly 
reducing the time and cost associated with drug 
development. 


Improving clinical trial design: Al can help in selecting the 
most appropriate candidates for clinical trials based on 
genetic markers and predicted drug responses, increasing 
the likelinood of trial success. It can also optimize trial 
protocols by predicting outcomes under different 
scenarios, helping to reduce trial durations and costs. 


Synthetic biology and drug production: Al will aid in the design 
of synthetic biological systems for the production of novel 
cancer drugs. This includes optimizing microbial factories 
for the production of biologic drugs, such as monoclonal 
antibodies or cancer vaccines, making the production 
process more efficient and cost-effective. 


In-silico drug testing: Advanced Al-driven simulations will 
allow for the virtual testing of drugs on digital twins of 
human biology, reducing the reliance on animal models 
and early-phase clinical trials. This could dramatically 
speed up the drug development process, allowing for a 
quicker transition from discovery to patient treatment. 


Integration with other technologies: Al will not work in isolation 
but in conjunction with other cutting-edge technologies 
such as CRISPR for gene editing, 3D bioprinting for tumour 
models, and nanotechnology for drug delivery systems. Al 
will help optimize these technologies for the development 
of novel cancer treatments. As Al becomes more integrated 
into drug design, ethical and regulatory frameworks will 
evolve to ensure that these technologies are used 
responsibly. This will include ensuring data privacy, 
addressing biases in Al models, and establishing standards 
for Al-driven drug discovery and development processes. 


In summary, Al's role in the design of new cancer drugs by 
2050 is expected to be comprehensive, impacting every 
stage of the drug development process from target 
discovery through to clinical trials, manufacturing, and 
personalized therapy design. This integration promises to 
make drug development more efficient, cost-effective, and 
tailored to individual patient needs, potentially 
transforming the landscape of cancer treatment. 


Overall, Al presents a powerful toolkit for transforming the 
landscape of cancer drug discovery by 2050. By addressing 
the associated challenges and ensuring responsible 
development, Al can significantly accelerate the 
identification, development, and deployment of effective 
and personalized cancer therapies, ultimately improving 
patient outcomes and survival rates. 


Will repurposed generic drugs be used to treat 
cancer? 
By 2050, the repurposing of generic drugs for cancer 
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treatment is likely to be a significant part of oncology 
practice, driven by several factors that make this approach 
appealing. Drug repurposing involves finding new 
therapeutic uses for existing medications, including those 
that are off-patent and available as generics. This strategy 
has several advantages, including the well-characterized 
pharmacokinetic and safety profiles of these drugs, which 
can accelerate the translation from discovery to clinical 
application. Here’s how repurposed generic drugs could 
impact cancer treatment: 


Cost-effectiveness: One of the most compelling reasons for 
repurposing generic drugs is the potential to reduce 
treatment costs. Cancer treatments, especially new 
therapies, can be prohibitively expensive. Generic drugs, 
being off-patent, are significantly cheaper to produce 
and purchase, making cancer treatment more 
accessible, especially in low- and middle-income 
countries. 


Rapid deployment: Because generic drugs have already 
been approved for use in humans for other conditions, their 
safety profiles are well understood. This reduces the time 
and expense required to bring a cancer treatment to 
market, as some stages of clinical testing (mainly those 
related to safety) can be 
bypassed or simplified. 


6¢ AI will accelerate 
the drug discovery 


Mechanistic insights: 
Advances in understanding 
cancer biology may reveal 
that mechanisms targeted 
by existing drugs for other 
diseases are also relevant to 
cancer. For example, drugs 
that modulate the immune 
system, affect metabolic 
pathways, or inhibit specific 
enzymes might find new applications in oncology. 


process by predicting 
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Combinatorial therapies: Generic drugs could be used in 
combination with existing cancer therapies to improve 
outcomes. This approach can help overcome resistance 
mechanisms that tumours develop in response to more 
traditional cancer treatments. By using a combination of 
drugs that act on different pathways, it may be possible to 
more effectively control or eradicate tumours. 


Global health impact: The repurposing of generic drugs can 
have a profound impact on global health by making 
effective cancer treatments more widely available. This is 
particularly important for countries with limited healthcare 
resources, where the cost of cutting-edge cancer therapies 
may be beyond reach for most patients. 


Personalized medicine: As our understanding of the genetic 
and molecular bases of cancers improves, it may become 
apparent that certain generic drugs are particularly 
effective for patients with specific genetic mutations or 
molecular profiles. This could lead to the repurposing of 
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drugs for niche but critically important roles in personalized 
cancer treatment plans. 


Combinational synergy: Older generics may find second lives 
paired with newer immunotherapies, targeted agents, 
delivery systems or modalities in novel combo approaches 
that show promising anticancer activity. 


Regulatory supportand incentives: By 2050, regulatory bodies 
might establish more formal pathways and incentives for 
the repurposing of drugs, recognizing the potential benefits 
in terms of cost, safety, and speed to market. This could 
include fast-track review processes or extended exclusivity 
periods for repurposed uses. Research and Collaboration: 
Enhanced collaboration between academic institutions, 
pharmaceutical companies, and nonprofit organizations 
could drive the discovery of new uses for generic drugs in 
cancer treatment. Al and big data analytics will play 
crucial roles in identifying potential repurposing 
opportunities by analysing vast amounts of genomic and 
clinical data. By 2050, analysis of large real-world 
population data and electronic health records using Al will 
reveal new efficacy signals for cancer applications across 
many approved generics. These leads can be quickly 
followed up. 


Despite these advantages, challenges such as intellectual 
property issues, financial incentives for pharmaceutical 
companies, and the need for clinical trials specifically 
designed to test efficacy in cancer will need to be 
addressed. However, the potential benefits of repurposing 
generic drugs for cancer treatment are substantial, 
suggesting that this strategy will be an increasingly 
important part of oncology practice by 2050. A vast trove of 
generics coupled with modern Al-assisted drug screening 
and synergistic combo treatment is likely to provide 
cost-effective additions to the oncological armamentarium 
through 2050 and make quality cancer care more 
universally accessible globally. Overall, repurposing generic 
drugs has the potential to become a significant pillar in 
cancer treatment by 2050. By addressing the challenges, 
fostering collaborative efforts, and implementing efficient 
evaluation methods, this approach could offer cost- 
effective, accessible, and potentially life-saving treatment 
options for a wider range of cancer patients. 


How will mRNA vaccines be used in personalised 
immunotherapy for cancer? 

By 2050, MRNA vaccines are expected to play a significant 
role in personalized immunotherapy for cancer, leveraging 
advances in genomics, bioinformatics, and 
nanotechnology. MRNA vaccines, which have gained 
global attention for their use in preventing infectious 
diseases like COVID-19, work by delivering MRNA into cells, 
instructing them to produce a specific protein that triggers 
animmune response. In the context of cancer, this 
approach can be tailored to produce antigens specific to 
an individual's tumour, offering a highly personalized form 
of immunotherapy. Here’s how mRNA vaccines could be 
utilized: 
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Targeting tumour-specific antigens: Future MRNA vaccines for 
cancer will likely target neoantigens, which are novel 
proteins produced by cancer cells due to mutations. Since 
these neoantigens are not present on normal cells, they 
provide ideal targets for immunotherapy, minimizing the 


risk of the immune system attacking the body's own tissues. 


Sequencing the DNA from a patient's tumour can identify 
these unique mutations, allowing for the design of 
personalized mRNA vaccines that stimulate the immune 
system to target and destroy cancer cells. 


Combination therapies: MRNA vaccines may be used in 
combination with other treatments, such as checkpoint 
inhibitors, traditional chemotherapy, or radiation therapy, 
to enhance the overall effectiveness of cancer treatment. 
The vaccine could prime the immune system to recognize 
and attack cancer cells, while other therapies could 
weaken the cancer or make it more visible to the immune 
system. 


Preventing cancer recurrence: After initial treatment for 
cancer, MRNA vaccines could be administered to prevent 
recurrence. By training the immune system to recognize 
and attack any residual cancer cells, these vaccines could 
help keep patients in remission longer. 


Rapid and flexible manufacturing: One of the advantages of 
MRNA vaccine technology is the speed and flexibility of 
vaccine design and production. Once the target antigens 
are identified, the vaccine can be quickly manufactured, 
making it possible to start treatment sooner. This rapid 
turnaround time will be particularly beneficial for 
aggressive cancers, where treatment time is critical. 


Minimal side-effects: Because MRNA vaccines can be 
designed to target specific cancer antigens, they are 
expected to have fewer side effects compared to 
traditional chemotherapy and radiation therapy, which can 
damage healthy cells. This specificity should improve the 
quality of life for cancer patients during treatment. 


Adapting to cancer evolution: Tumours can evolve over time, 
developing new mutations that help them evade the 
immune system. MRNA vaccines could be periodically 
updated to include these new mutations, offering a way to 
adapt treatment as the cancer changes. 


Enhanced Immuno-monitoring: Alongside the development 
of personalized MRNA vaccines, advancements in 
immune-monitoring will allow clinicians to better track the 
immune system's response to treatment. This could involve 
measuring specific immune cell populations or detecting 
immune biomarkers, helping to refine vaccine formulations 
and dosing schedules for optimal effectiveness. 


Cost and accessibility: As the technology matures and 
manufacturing processes become more efficient, the cost 
of personalized mRNA cancer vaccines is expected to 
decrease, making them more accessible to a wider range 
of patients. 


Cancer Futures: 
Vision 2025 


Regulatory frameworks: By 2050, regulatory frameworks will 
have evolved to support the rapid development and 
approval of personalized MRNA vaccines, facilitated by 
innovative clinical trial designs that can assess their safety 
and efficacy in specific patient population. Efforts will be 
made to ensure that the benefits of personalized MRNA 
cancer vaccines are available globally, addressing 
disparities in access to cancer care and treatment 
technologies. 


The use of MRNA vaccines in personalized immunotherapy 
for cancer represents a promising frontier in oncology, 
offering the potential for highly effective, tailored 
treatments with fewer side effects. Continued research and 
clinical trials will be crucial in realizing this potential and 
integrating MRNA vaccine therapies into standard cancer 
care practices. 


Compared to traditional vaccine development methods, 
MRNA technology offers faster production timelines, 
enabling the creation of personalized vaccines within 
weeks, potentially benefiting patients with aggressive or 
rapidly progressing cancers. MRNA vaccines can be 
designed to elicit both humoral (antibody-mediated) and 
cellular (T cell-mediated) immune responses against 
cancer cells. This multi-pronged approach can be more 
effective in attacking and eliminating tumours. Here’s how 
MRNA vaccines are being explored for personalized cancer 
immunotherapy: 


Fewer safety concerns: Unlike traditional vaccines containing 
weakened or inactive viruses or bacterial components, 
MRNA vaccines do not contain infectious agents. This 
reduces the risk of side effects associated with 
conventional vaccines. 


Identifying tumour antigens: Tumour genetic sequencing 
and analysis are used to identify mutated proteins or 
neoantigens specifically expressed by the patient’s cancer 
cells. 


mRNA vaccine design: The MRNA code corresponding to 
these neoantigens is incorporated into the vaccine, 
instructing the patient's cells to produce the tumour 
antigens. 


Immune response activation: Once produced, the tumour 
antigens are recognized by the immune system as foreign, 
triggering an immune response against the cancer cells. 


Current stage and challenges: Personalized mRNA cancer 
vaccines are still under clinical investigation, with ongoing 
trials evaluating their safety, efficacy, and optimal dosing 
strategies. Manufacturing personalized vaccines at scale 
and ensuring their affordability remain challenges that 
need to be addressed. Overcoming tumour heterogeneity. 
Tumours can exhibit diverse antigen profiles, even within 
the same patient. Developing strategies to address this 
heterogeneity and ensure broad immune response against 
different tumour cell populations is crucial. 
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Advances in tumour profiling: As tumour sequencing and 
analysis techniques become more sophisticated, 
identifying relevant targets for personalized MRNA vaccines 
will become more efficient and accurate. 


Combination therapies: Combining personalized MRNA 
vaccines with other immunotherapies or targeted 
therapies holds promise for enhancing their effectiveness 
and overcoming potential resistance mechanisms. 


Expanding access: Making personalized MRNA cancer 
vaccines more affordable and accessible to a wider range 
of patients remains a critical goal for future research and 
development efforts. 


Conclusion: While still in its early stages, personalized MRNA 
immunotherapy using MRNA vaccines offers a promising 
and innovative approach for treating cancer. With ongoing 
research and development, this technology has the 
potential to revolutionize cancer treatment by enabling the 
creation of tailored immune responses against individual 
tumours, ultimately improving patient outcomes and 
survival rates. 


Will specifically constructed viruses be used to 
destroy cells for cancer treatment? 

Yes, the use of specifically constructed viruses, known as 
oncolytic viruses, for cancer treatment is a promising area 
of research that is likely to see significant advancements by 
2050. Oncolytic virotherapy involves the use of genetically 
engineered or naturally occurring viruses that selectively 
infect and destroy cancer cells while sparing normal cells. 
Here’s how these specially constructed viruses are 
expected to be utilized in cancer treatment: 


Selective targeting of cancer cells: Oncolytic viruses can be 
engineered to specifically target and replicate within 
cancer cells due to the unique molecular signatures of 
these cells. This selective replication causes the cancer 
cells to burst (lyse), releasing new viral particles that can 
then infect neighbouring cancer cells. 


Immune system activation: Beyond directly killing cancer 
cells, oncolytic viruses can stimulate the immune system to 
recognize and attack tumours. When cancer cells are 
destroyed by the virus, they release tumour antigens in a 
way that can trigger an immune response against the 
cancer, potentially leading to systemic effects against 
metastases and improving long-term immunity against 
the tumour. 


Genetic engineering for enhanced efficacy: By 2050, advances 
in genetic engineering will likely enable the creation of 
oncolytic viruses with enhanced specificity for cancer cells, 
increased potency, and the ability to overcome resistance 
mechanisms. These viruses could also be armed with 
therapeutic genes that express cytokines, antibodies, or 
other therapeutic agents to further boost the anti-tumour 
immune response or counteract the tumour 
microenvironment’s suppressive effects. 


Cancer Futures: 
Vision 2025 


Combination therapies: Oncolytic viruses will likely be used in 
combination with other cancer treatments, such as 
chemotherapy, radiation therapy, and immunotherapy. 
This multimodal approach can synergize to overcome 
treatment resistance, modulate the tumour 
microenvironment, and enhance the overall therapeutic 
outcome. 


Personalized medicine: The field of oncolytic virotherapy may 
evolve to include personalized approaches, where viruses 
are tailored to the genetic makeup of an individual's 
tumour. This precision medicine approach would optimize 
treatment efficacy and minimize side effects. 


Safety and delivery enhancement: Ongoing research will focus 
on improving the safety profile of oncolytic viruses and 
developing innovative delivery methods to ensure that the 
viruses can reach and penetrate tumors effectively, even in 


challenging locations or 
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Regulatory approval: As of my 
last update, a few oncolytic 
viruses had already received 
regulatory approval for use 
in cancer treatment in 
various countries. By 2050, it 
is expected that more 
oncolytic viruses will have 
passed through clinical trials and become standard 
treatment options for certain types of cancer. 


Global access and manufacturing: Advances in biotechnology 
will facilitate the large-scale production and global 
distribution of oncolytic viruses, making them more 
accessible to patients worldwide. Efforts will also be made 
to ensure that these innovative treatments are affordable 
and included in healthcare systems and insurance 
coverage. 


Oncolytic virotherapy represents a fascinating frontier in 
cancer treatment, offering a novel mechanism to combat 
cancer by exploiting the natural properties of viruses. By 
2050, the integration of oncolytic viruses into the arsenal of 
cancer therapies is likely to have transformed the 
treatment landscape, offering new hope to patients with 
cancers that are difficult to treat with conventional 
methods. They represent a promising and innovative 
approach for cancer treatment. While challenges remain, 
ongoing research and development efforts hold significant 
potential to improve their efficacy, safety, and broaden 
their application in various cancer types. As this field 
continues to evolve, oncolytic viruses are likely to play an 
increasingly important role in the fight against cancer. 


What are the most commonly used alternative 
therapies for cancer? 

It's important to note that while some patients report 
subjective improvements in quality of life or symptom 
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management from these therapies, their effectiveness for 
treating cancer is not widely supported by scientific 
evidence. Here are some of the most commonly used 
alternative therapies for cancer: 


Herbal medicine: Many patients turn to herbal remedies and 
botanicals with the hope that these natural products can 
fight cancer or alleviate treatment side effects. Common 
herbs include turmeric (curcumin), green tea, and Essiac 
tea. The efficacy and safety of many herbal medicines have 
not been conclusively proven, and some may interact with 
conventional cancer treatments. 


Acupuncture: This traditional Chinese medicine technique 
involves inserting thin needles into specific points on the 
body. It is often used to relieve pain and treatment side 
effects such as nausea and vomiting. 


Mind-body practices: This broad category includes 
meditation, yoga, and tai chi, which are used to reduce 
stress, improve mental well-being, and enhance quality of 
life. These practices can help patients cope with the 
emotional challenges of cancer diagnosis and treatment. 


Dietary supplements: Patients may use vitamins, minerals, 
and other supplements in an attempt to boost their 
immune system or overall health. Common supplements 
include vitamin D, omega-3 fatty acids, and antioxidants. 
It's crucial for patients to discuss any supplements with 
their healthcare provider due to potential interactions with 
cancer treatments. 


Special diets: Some patients adopt specific diets, such as the 
ketogenic diet, alkaline diet, or Gerson therapy, believing 
they can directly fight cancer or support the body during 
treatment. However, there is limited scientific evidence 
supporting the effectiveness of these diets for cancer 
treatment, and they can sometimes lead to nutritional 
deficiencies. Special “anti-cancer” diets like ketogenic, 
macrobiotic, alkaline or intermittent fasting diets have 
fervent followings though efficacy is still being investigated. 


Energy therapies: Practices such as Reiki, healing touch, and 
qigong are based on the belief that practitioners can 
manipulate a universal energy or life force to promote 
healing. While these therapies may help some patients 
relax and reduce stress, their ability to treat cancer is not 
supported by scientific evidence. 


Homeopathy: Homeopathy involves using highly diluted 
substances with the aim of triggering the body’s natural 
healing responses. Despite its popularity for various health 
conditions, there is no scientific evidence that homeopathy 
is effective in treating cancer. 


Aromatherapy: Using essential oils for therapeutic benefit, 
aromatherapy can help alleviate symptoms like anxiety 
and nausea. It is often used as a complementary approach 
to improve quality of life rather than as a treatment for 
cancer itself. 
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Massage therapy: Massage is used to reduce pain, anxiety, 
and stress in cancer patients. It can help improve quality of 
life but should be performed by therapists experienced in 
working with cancer patients due to potential 
contraindications. 


Hyperbaric oxygen: Some patients seek hyperbaric oxygen 
therapy (HBOT) under the belief that increasing oxygen 
delivery to tissues will inhibit cancer growth. However, 
evidence supporting HBOT as a treatment for cancer is 
lacking. Although it has been through extensive clinical 
trials to enhance selective tumour damage by 
radiotherapy the effect was not strong enough to lead to 
routine use and such studies have now been abandoned. 


It’s crucial for cancer patients considering alternative 
therapies to discuss these options with their healthcare 
providers to ensure they are safe and do not interfere with 
conventional cancer treatments. While some alternative 
therapies may help manage symptoms and improve 
quality of life, they should not 
replace standard cancer 
treatments proven to be 
effective. 


6¢]t’s crucial for 
cancer patients 
considering 
alternative therapies 
to discuss these 
options with their 


What is the future of 
alternative treatments 
for cancer? 

The future of alternative 
treatments for cancer lies in 
their integration into a more 
holistic, patient-centred 
approach to cancer care, 
known as integrative 
oncology. This approach 
combines the best of 
conventional medical 
treatments with select 
complementary therapies that have shown evidence for 
safety and efficacy in improving patient outcomes, quality 
of life, and symptom management. Here are several key 
trends and developments that are likely to shape the future 
of alternative treatments for cancer: 


healthcare providers 
to ensure they are 
safe and do not 
interfere with 
conventional cancer 
treatments. °° 


There will be a greater emphasis on conducting rigorous 
clinical trials to evaluate the efficacy and safety of 
alternative treatments. This research will help differentiate 
between therapies that offer tangible benefits and those 
that do not, guiding their integration into standard care 
protocols. Just as conventional cancer treatment is 
moving towards personalization based on genetic and 
molecular characteristics, alternative treatments will also 
be tailored to individual patient needs, preferences, and 
specific cancer types. This personalization will consider the 
whole person, including physical, emotional, and spiritual 
health. 


As evidence accumulates, more alternative therapies that 
demonstrate clear benefits will be integrated into 
mainstream oncology practice. Healthcare systems and 
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cancer treatment centres may offer integrated oncology 
services that include complementary therapies such as 
acupuncture, meditation, and nutrition counselling as part 
of standard care. The global exchange of medical 
knowledge and practices will continue to introduce new 
alternative therapies to different parts of the world. 
Traditional medicines from various cultures, such as 
Ayurveda and Traditional Chinese Medicine, will be 
explored and potentially adapted for integrative oncology 
practices. Alternative treatments will increasingly be used 
not just for managing symptoms and side effects but also 
for cancer prevention and supporting survivorship. Lifestyle 
interventions, dietary modifications, and stress reduction 
techniques will be emphasized as part of a comprehensive 
approach to reducing cancer risk and improving long-term 
health outcomes. 


The future of alternative treatments for cancer is one of 
cautious optimism, with a focus on evidence-based 
practice, patient safety, and the holistic well-being of 


individuals living with 
a cancer. The goal will be to 
66 Despite the offer patients the most 
potential benefits, —§ comprehensive and 
it’s important to note effective care possible, 
eee rahe blending the best of 
approaches to 


conventional and alternative 
approaches. 

cancer treatment are 

still under 

investigation. °° 


In summary, as both 
diagnostic and therapeutic 
technologies progress, | 
expect more alternative cancer options vetted by rigorous 
evidence to enter multi-modal cancer care protocols 
emphasizing holistic patient wellness by 2050. The line 
between conventional and complementary approaches 
may blur over time. 


Do metabolic approaches help cancer patients? 
Metabolic approaches to cancer treatment, which focus on 
targeting the unique metabolic processes of cancer cells, 
have garnered significant interest in both research and 
clinical settings. Cancer cells often exhibit altered 
metabolism compared to normal cells, such as increased 
glucose uptake and fermentation of glucose to lactate 
even in the presence of oxygen (known as the Warburg 
effect). By targeting these and other metabolic pathways, 
scientists hope to develop treatments that can selectively 
kill cancer cells or make them more susceptible to 
conventional treatments. Here’s how metabolic 
approaches may help cancer patients: 


Targeting cancer cell metabolism: Some drugs and 
compounds are designed to target specific metabolic 
pathways that are upregulated in cancer cells. For example, 
inhibitors of glycolysis, glutaminolysis, or fatty acid 
synthesis can disrupt the energy supply to cancer cells, 
potentially slowing their growth and proliferation. 


Enhancing the efficacy of existing treatments: Metabolic 
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interventions might be used in combination with traditional 
chemotherapy, radiation, or immunotherapy to enhance 
their effectiveness. By stressing cancer cells’ metabolic 
machinery, these approaches can make cancer cells more 
vulnerable to conventional treatments. 


Reducing side-effects: By targeting metabolic pathways 
specific to cancer cells, these treatments may have fewer 
side effects compared to traditional chemotherapy, which 
can harm rapidly dividing healthy cells. This specificity 
could lead to improved quality of life for patients 
undergoing treatment. 


Dietary interventions: Diets that alter the body’s metabolism, 
such as the ketogenic diet (a high-fat, low-carbohydrate 
diet), are being studied for their potential to support cancer 
treatment. The theory is that by reducing glucose 
availability, which cancer cells rely on more than normal 
cells, the diet could slow tumour growth or enhance the 
effectiveness of conventional therapies. However, clinical 
evidence supporting the efficacy of dietary interventions 
remains mixed, and such approaches should only be 
undertaken under medical supervision. 


Supporting immune function: Some metabolic therapies 
may also enhance the immune response to cancer. For 
example, targeting certain metabolic pathways in cancer 
cells can make them more recognizable to the immune 
system or reduce their ability to evade immune 
surveillance. 


Preventing resistance: Cancer treatment resistance is a 
major challenge in oncology. Metabolic interventions might 
help prevent or overcome resistance by targeting the 
adaptability of cancer cells’ metabolism, potentially 
making them less able to evade the effects of treatment. 


Despite the potential benefits, it’s important to note that 
metabolic approaches to cancer treatment are still under 
investigation. While preclinical studies and some clinical 
trials have shown promising results, more research is 
needed to fully understand the efficacy, safety, and 
appropriate application of these treatments in cancer care. 
Furthermore, cancer metabolism is complex and can vary 
significantly between different types of cancer and even 
between tumours in the same patient. As our 
understanding of cancer metabolism improves, it is likely 
that metabolic therapies will become more personalized, 
targeting the specific metabolic vulnerabilities of individual 
tumours. 


Patients interested in metabolic approaches to cancer 
treatment should discuss these options with their 
healthcare provider to understand the potential risks and 
benefits and how these approaches might fit into their 
overall treatment plan. While more research is still needed, 
the multifaceted metabolic derangements in cancer make 
strategies that address systemic metabolic health very 
promising complementary approaches both during and 
after conventional therapies through 2050. 


Economics 
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Can we predict the change in total lifetime cost of 
optimal care for the big four cancers? 

The cost of cancer drugs is driven by the US market. 
Currently 75% of the global cancer drug expenditure is in 
the US - yet which only 5% of global population. Predicting 
the future total lifetime costs of optimal care for the “big 
four” cancers (lung, breast, colorectal, and prostate 
cancer) is complex due to the interplay of several dynamic 
factors, including advances in treatment technologies, 
drug pricing and policies, demographic shifts, and changes 
in healthcare delivery models. 

The current high proportion of global cancer drug costs 
attributed to the U.S. is influenced by several factors, such 
as drug pricing, healthcare policies, and the rate of 
adoption of new cancer treatments. Here are key 
considerations and methodologies that could be employed 
to project changes in these costs: 


Innoyation in treatment: The development of new, more 
effective, but potentially more expensive treatments, 
including targeted therapies and immunotherapies, could 
increase the cost of care. Conversely, these treatments 
might improve survival and reduce the duration or intensity 
of care needed, potentially offsetting some of the cost 
increases. Predicting how the total lifetime costs of optimal 
cancer care for the four major cancers (lung, breast, 


colorectal and prostate) will evolve globally and in the US 
specifically is challenging with many variables at play. 


US cost trajectory: Continued premium pricing of new cancer 
therapies in the US, even those with marginal benefits, will 
sustain higher per patient costs relative to other nations in 
the next 5-10 years. However, eventual pricing reforms 
driven by unsustainable drug expenditures are likely in the 
2030s timeframe. These could include mandated cost- 
effectiveness thresholds for coverage, increased use of 
international reference pricing, and legal constraints on 


annual price hikes. This may 
SS 


slow cost growth rates. 
68 The development — Coinciding expansion of 
of new, more preventive screening, 

° personalized treatment 
effective, but based on advanced 
potentially more diagnostics, and enrolment 
expensive into value-based payment 
treatments, programs may begin to 
including targeted bend the cost curve as well. 
therapies and 
immunotherapies, 
could increase the 
cost of care. °° 


Global cost trajectory: 
Predicting the change in 
total lifetime costs of optimal 
care for the big four cancers 
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is challenging due to the complex interplay of several 
factors, including the US market influence. Changes in US 
pricing policies, insurance coverage, and patent 
regulations can significantly impact global costs. 


The high cost of research and 
development (R&D) for new cancer drugs contributes 
significantly to their price. Advancements in technology 
and streamlined approval processes could potentially 
reduce R&D costs. 


Optimal care involves not just drugs but 
also surgery, radiation, and other supportive therapies. Cost 
variations in these areas also influence total lifetime costs. 


Emerging technologies like 
personalized medicine and minimally invasive surgeries 
could affect costs depending on their effectiveness, 
accessibility, and affordability. The introduction of generic 
versions of chemotherapeutic agents and biosimilars for 
biologic drugs could reduce 
the cost of cancer care, 
although the impact may 
vary by cancer type and 
healthcare system. 


Increasing use of 
outpatient care, 
telemedicine, and 
at-home cancer 
treatments could 
reduce hospital stays 


the U.S. and globally, 
changes in healthcare 
policies, including drug 
pricing reforms, insurance 
coverage expansions, and 
the adoption of value-based 
care models, could 
significantly affect the costs 
of cancer care. Aging 
populations are more likely 
to develop cancer, which 
could increase the demand 
for cancer care and its 
associated costs. However, improvements in prevention 
and early detection could reduce the incidence of 
advanced cancers, potentially lowering costs. 


and associated costs. 
The integration of 
palliative care and 
supportive services 
earlier in the 
treatment process 
could also impact 
costs. 


Increasing use of outpatient care, 
telemedicine, and at-home cancer treatments could 
reduce hospital stays and associated costs. The integration 
of palliative care and supportive services earlier in the 
treatment process could also impact costs. Per patient 
costs of optimal cancer care will rise rapidly in low-middle 
income countries as access to innovative drugs, advanced 
radiotherapy, genomic profiling and immunotherapies 
diffuses globally. Some costs may eventually approach 
current US prices. Simultaneously, rising incomes, aging 
populations and Westernization of lifestyles will expand 
cancer incidence rates in populous middle-income nations. 


Taken together, this suggests the geographic 
concentration of global cancer costs in the US (currently 
75% of total spend) will likely fall to 40-50% by 2050. The 
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cost impact of cancer will distribute much more globally. 
But predicting total lifetime costs by tumour type will 
depend heavily on trends in early screening, personalized 
treatment and targeted prevention - which could 
ultimately prove cost-saving if broadly implemented at a 
global scale. Given these complexities, definitive predictions 
are difficult. However, some potential scenarios emerge: 


If current trends persist, the total 
lifetime costs of optimal care could continue rising, fuelled 
by expensive new drugs, limited market competition, and 
increasing demand for advanced therapies. 


Increased competition in drug 
development, value-based pricing models, and wider 
adoption of cost-effective technologies could lead to a 
gradual stabilization of costs. 


If fundamental changes occur, like 
significant R&D cost reduction, broader implementation of 
generic drugs, and efficient healthcare systems, total 
lifetime costs might even decrease. 


Considering different future scenarios (e.g., rapid 
innovation vs. slow innovation, changes in healthcare 
policies, etc.) a detailed scenario analysis can provide a 
range of potential future costs. This approach allows for the 
exploration of how various factors might interact to 
influence overall costs. 


While precise predictions are challenging due to 
the complexity and variability of factors involved, 
employing sophisticated modelling techniques and 
considering a wide range of scenarios can offer valuable 
insights into potential future trends in the lifetime costs of 
care for the big four cancers. It’s clear that both 
technological advances and policy reforms will play critical 
roles in shaping these costs. Ongoing monitoring of trends 
and adaptability in healthcare delivery and financing 
models will be crucial in managing the future economic 
burden of cancer care. 


Predicting how different countries will fund cancer care 
costs by 2050 involves considering current trends in 
healthcare financing, technological advancements, policy 
shifts, and demographic changes. Funding for cancer care 
costs varies significantly across different countries due to 
diverse healthcare systems, economic structures, and 
societal priorities. Here are some general strategies and 
trends that may influence how countries approach funding 
for cancer care in the future Here’s an overview of some 
common funding models: 


Many countries, like the UK and 
Canada, rely on general taxation to fund public healthcare 
systems, which typically cover the majority of cancer care 
costs. 
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In some countries, like Germany 
and France, social security contributions from employees 
and employers form a significant portion of healthcare 
funding, including cancer care. 


In countries like the US and 
Switzerland, private health insurance plays a prominent 
role in financing cancer care. Patients might have 
employer-sponsored plans, individual policies, or a 
combination of both. 


Depending on the specific insurance 
plan and coverage, patients might still incur out-of-pocket 
expenses for co-pays, deductibles, and uncovered services. 


Many countries, like Australia and Japan, 
employ mixed models combining public and private 
funding sources. The public system might cover essential 
services, while private insurance offers additional coverage 
for specific treatments or services. Countries with universal 
healthcare systems might continue to fund cancer care 
through government budgets, supported by taxes. These 
systems may focus on preventive care and early detection 
to manage costs. 


Regardless of the funding 
model, ensuring equitable access to quality cancer care for 
all citizens remains a challenge, especially in countries with 
limited resources or fragmented healthcare systems. 


Balancing affordability with sustainability is a 
constant concern for all healthcare systems, particularly 
with rising cancer treatment costs. 


Funding models need 
to adapt to accommodate new and potentially expensive 
cancer treatment options while ensuring responsible 
resource allocation. 


Emphasizing cost- 
effectiveness and ensuring patients receive the most 
appropriate and beneficial treatments for their specific 
needs. 


Utilizing telehealth, data analytics, 
and Al to improve efficiency, reduce costs, and potentially 
improve access to care in underserved areas. 


Sharing best practices and 
exploring collaborative strategies for 
research, development, and access to affordable cancer 
treatments across different countries. 


Funding for cancer care remains a complex 
issue with no single universal solution. Different countries 
adopt diverse models with their own strengths and 
limitations. The focus should be on ensuring sustainable 
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and equitable access to high-quality cancer care for all 
patients while promoting responsible resource allocation 
and adapting to evolving healthcare needs and 
technological advancements. 


Yes, | expect there will be some age-based restrictions or 
increased cost-sharing for expensive cancer treatments 
covered by both public and private insurers towards 2050: 


Evidence evidence-based age cut-offs may limit public 
insurance coverage for very costly therapies with lower 
efficacy in elderly populations (e.g over 80 years) on 
average. Supplemental payments could give individual 
access. 


Higher out-of-pocket costs 
for public scheme 
beneficiaries above working 
ages through income- 
based co-pays and 
deductibles applied ona 
sliding scale by age bracket. 
Premium tiered plans that 
cover high-end oncology 
treatments may cap 
enrolment age eligibility 
(e.g. under 70 years) or hike 
premiums progressively by 
age group. Greater 
utilization of private 
coinsurance percentages, copays, annual limits on older 
members to manage higher average loss ratios as cancer 
incidence increases with age. Development of more 
tailored supplemental cancer insurance products for 
seniors that offer limited specialized cancer coverage 
atop basic health plans. Overall, the significant financial 
toxicity surrounding advancing cancer care will 
necessitate some age-moderated restrictions, however 
balanced with risk equalization measures that sustain 
access for vulnerable groups through 2050. 


As healthcare 
costs, including 
cancer 
care, generally rise 
with age, insurers 
and governments 
might face financial 
pressures to limit 
coverage for older 
individuals. 


As healthcare costs, including cancer 
care, generally rise with age, insurers and governments 
might face financial pressures to limit coverage for older 
individuals. 


Some insurance plans, particularly 
private ones, might implement age-based 
premiums or higher co-payments for older 
individuals, reflecting the perceived higher risk of needing 
expensive medical interventions. 


In countries with means- 
tested public healthcare systems, eligibility for certain 
services or coverage levels might be restricted based on 
income or age, potentially limiting options for older adults. 
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Limiting access to essential 
healthcare based solely on age raises ethical 
concerns about fairness and discrimination against older 
populations. 


Restricting coverage 
could discourage preventive care and early detection of 
diseases like cancer, ultimately leading to higher 
costs due to delayed or more complex treatment needs in 
the long run. 


Ensuring access to healthcare for all 
citizens, regardless of age, is often considered a social 
responsibility, and governments might be pressured to 
maintain comprehensive coverage for their populations. 


Investing in preventive measures 
and early detection programs can help reduce the overall 
burden of healthcare costs in the long run, potentially 
mitigating the need for drastic reductions in coverage for 
older individuals. 


Implementing progressive 
taxation or other mechanisms to ensure affordable 
access to healthcare for all, while potentially adjusting 
contributions based on income or ability to pay. 


Encouraging individuals to plan 
for future healthcare needs through voluntary long-term 
care insurance plans could help manage costs 
associated with aging populations. 


The trend towards reduced coverage with 
age is not universally observed. Many countries, especially 
those with robust public healthcare systems, strive 
to maintain comprehensive coverage for their citizens 
throughout their lifespan. However, cost pressures and 
demographic shifts are putting a strain on healthcare 
systems globally, prompting discussions 
about sustainable financing models and potential 
adjustments to coverage options. 


The future of healthcare coverage for older 
adults, including options paid for by insurers and 
governments, remains uncertain and will likely depend on 
a complex interplay of ethical considerations, economic 
realities, and evolving healthcare policies within each 
country. While the possibility of reduced coverage or 
increased cost-sharing cannot be entirely rule. 


As of my last update in April 2023, the percentage of care 
costs spent in the last six months of a cancer patient's life 
can vary widely depending on the healthcare system, 
type of cancer, and the treatments received. Studies in 
various countries have shown that a significant portion of 
healthcare expenditures for cancer patients occurs in the 
last months of life, with estimates often ranging from 20% 
to 70% of total costs incurred during this period. However, 
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this percentage can fluctuate based on several factors, 
including: 


Patients receiving more aggressive 
treatments, including intensive chemotherapy, targeted 
therapies, or admission to intensive care units, will likely 
incur higher costs. 


End-of-life care often involves 
multiple hospitalizations, which significantly contribute to 
overall costs. The frequency and length of hospital stays 
can greatly affect the total expenses. 


The use of palliative care services, 
which focus on symptom management and quality of life, 
may influence the cost distribution. Early integration of 
palliative care can sometimes reduce acute care costs 
by avoiding aggressive treatments that may not improve 
patient outcomes. 


There are notable differences in 
end-of-life care costs between countries and even within 
regions of the same country, influenced by healthcare 
policies, availability of services, and cultural attitudes 
towards end-of-life care. 


The extent of healthcare insurance 
coverage and the specific benefits available for cancer 
care can also impact the 
cost distribution in the last 
It’s important to six months of life. 
recognize that while 
a significant portion 
of healthcare 
expenditures is 
focused on the last 
months of life, the 
goal of these 
expenses is often to 
manage symptoms, 
reduce pain, and 
improve the quality 
of life for patients in 
their final days. 


It’s important to recognize 
that while a significant 
portion of healthcare 
expenditures is focused on 
the last months of life, the 
goal of these expenses is 
often to manage symptoms, 
reduce pain, and improve 
the quality of life for patients 
in their final days. 
Discussions about the cost 
of care must be balanced 
with considerations of 
patient preferences, the 
potential benefits of 
treatments, and the ethical 
implications of healthcare 
spending decisions. Given the rapid pace of change in 
healthcare policies, treatment options, and cost 
structures, the specific percentage of care costs spent in 
the last six months of life for cancer patients may 
continue to evolve. Efforts to optimize end-of-life care, 
focusing on patient-centred approaches and the 
judicious use of healthcare resources, are ongoing 
challenges for healthcare systems worldwide.d out, 
efforts should focus on finding sustainable solutions that 
ensure equitable access to essential healthcare for alll, 
regardless of age. 


Workforce 


Cancer Futures: 


LT —ti<i‘CS*S Vision 2025 


The introduction of artificial intelligence (Al) and physician 
associates (PAs) into the healthcare workforce is expected 
to bring significant changes, impacting various aspects of 
how healthcare is delivered. Here’s an exploration of 
potential transformations: 


Alis likely to automate routine 
tasks currently handled by physicians, such as image 
analysis, data interpretation, and generating initial 
diagnoses. This could free up physicians’ time for more 
complex tasks like patient consultations, treatment 
planning, and decision-making. Al-powered tools can 
provide real-time data analysis and insights to support 
physicians in making informed clinical decisions. As Al 
handles routine tasks, the role of physicians might evolve 
towards emphasizing strong communication, empathy, 
and relationship building with patients. 


PAs can help address physician 
shortages in various healthcare settings, particularly in 
underserved areas. PAs can take on increased 
responsibilities under the supervision of 
physicians, managing routine patient care, conducting 
physical examinations, and prescribing medications. 


Collaboration between physicians, PAs, nurses, and other 
healthcare professionals will become increasingly 
crucial to deliver comprehensive and efficient care. 


The demand for professionals with 
expertise in data analysis, Al integration, and digital health 
technologies is likely to rise. Healthcare professionals will 
need to be adaptable and willing to continuously learn new 
skills and technologies to stay relevant in the evolving 
landscape. While Al and PAs might automate some tasks 
currently performed by physicians, they are unlikely to 
completely replace them. However, some redistribution of 
job roles and responsibilities can be expected. 


se Al can automate time- 
Alis likely consuming tasks, allowing 


to automate routine healthcare professionals to 
tasks currently focus on more complex 
handled by aspects of patient care. PAs 
physicians, suchas can help address workforce 
image analysis, data shortages and expand 


° . access to essential 
interpretation, and healthcare services in 


generating initial underserved area. Al- 
diagnoses. powered tools can support 
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evidence-based decision-making and potentially improve 
patient outcomes. 


Specialist physicians will focus more on complex decision- 
making like synthesizing data to create personalized 
treatment plans, communicating with patients, and 
handling challenging cases. More routine diagnostics and 
follow-up care will be task-shifted. 


Al tools will take over repetitive tasks like screening scans, 
processing lab results, tracking treatment response data, 
filling medical records, and initial triaging of symptoms. This 
will augment physicians’ productivity. 


Physician associates and nurse practitioners will manage 
less complex aspects of treatment protocols, medication 
management, side effect mitigation, patient education and 
counselling. This expands the care capacity. 


Information technology staff 
roles in healthcare will 
dramatically expand to 
develop, validate, maintain 
and integrate the growing 
array of Al tools with clinical 
workflows as well as manage 
patient data security and 
privacy. 


The question of 
whether the delivery 
of professional 
healthcare for 
cancer can be 
“significantly 
downgraded” 


involves considering — Medical education will be 


various factors, 
including 
technological 
advancements, 
healthcare policies, 
and the evolving 
roles of healthcare 
professionals. 


transformed to better 
integrate Al-assisted 
decision making, human- 
computer collaboration, and 
leadership of multi- 
disciplinary care teams 
centred around the patient. 
Soft skills become 
increasingly important. 


Ensuring fairness, transparency, and 
accountability in Al-driven decision-making is crucial. 


Establishing clear regulations and 
oversight frameworks for Al use in healthcare is essential. 


Potential job displacement 


due to automation needs to be carefully 
managed, providing retraining and upskilling 
opportunities for affected individuals. 


The integration of Al and PAs into the healthcare 
workforce is likely to transform the landscape of healthcare 
delivery. While challenges and ethical considerations need 
to be addressed, these advances hold the potential to 
improve efficiency, expand access to care, and ultimately 
contribute to better patient outcomes in. The key lies 
adapting to these changes while ensuring that human- 
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centred care and ethical considerations remain at the 
forefront. By 2050, the healthcare workforce is expected to 
be more technologically adept, flexible, and 
interdisciplinary, with Al and physician associates playing 
pivotal roles in shaping a more efficient, accessible, and 
patient-centred healthcare system. 


The question of whether the delivery of professional 
healthcare for cancer can be “significantly downgraded” 
involves considering various factors, including 
technological advancements, healthcare policies, and the 
evolving roles of healthcare professionals. The term 
“downgraded” might imply a reduction in the quality or 
extent of care. However, it’s essential to differentiate 
between downgrading care and optimizing or streamlining 
care delivery. The goal in healthcare innovation and policy 
reform should be to maintain or enhance the quality of care 
while increasing efficiency, accessibility, and affordability. 


These 
technologies can enhance diagnostic accuracy, 
personalize treatment plans, and monitor patient 
outcomes, potentially reducing the need for certain manual 
tasks performed by healthcare professionals without 
compromising care quality. 


: The use of telehealth 
services can improve access to cancer care, especially in 
underserved areas, and allow for continuous monitoring of 
patients’ health status, reducing the frequency of in-person 
visits without sacrificing the care quality. 


By integrating physician 
associates, nurse practitioners, and other healthcare 
professionals into the cancer care team, the delivery model 
can be optimized to ensure that each professional works to 
the full scope of their practice. This approach can maintain 
high-quality care while addressing physician shortages 
and reducing burnout. 


Educating patients about their 
condition and involving them in their care can lead to better 
health outcomes. Digital health tools can support self- 
management and reduce the need for some traditional 
healthcare services. 


Transitioning from fee-for-service to 
value-based care models encourages healthcare 
providers to focus on outcomes rather than the volume of 
services, potentially reducing unnecessary interventions 
without compromising care quality. 


Investing in 
preventive healthcare and early detection of cancer 
through screening programs can reduce the need for 
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extensive and costly treatments at later stages, optimizing 
resource use. 


While optimizing healthcare delivery is necessary, it’s 
crucial to ensure that any changes do not compromise 
patient care quality. Ethical considerations, equity in access 
to care, and patient outcomes must remain central to any 
reform or technological innovation. 


Any 
optimization should 
enhance, not reduce, the 
patient-centeredness of 
care, ensuring that 
decisions are made in the 
best interests of patients, 
respecting their 
preferences, needs, and 
values. 


Physicians must 
closely evaluate ever- 
changing literature to 
ensure patients 
receive the latest 
supported standards- 
of-care and 
breakthroughs, while 
protecting from 
pseudo-scientific 
quick fixes. 


Some reasons why a high 
level of professional care 
should be preserved 
include: 


Choosing from rapidly evolving therapeutic 
options requires expert medical judgement based ona 
physician's deep expertise with balancing risks, benefits for 
each patient's unique circumstances. 


Professionally monitoring and 
promptly addressing treatment toxicities with evidence- 
based interventions can avoid life-threatening 


complications and enable continuity of care. 


Human interactions with empathetic 
clinicians provide reassurance and address patient 
questions, worries which support emotional health amidst 
difficult cancer journeys, improving cooperation and 
survival. 


Physicians must closely 
evaluate ever-changing literature to ensure patients 
receive the latest supported standards-of-care and 
breakthroughs, while protecting from pseudo- scientific 
quick fixes. 


Expert guidance 
navigates patients across multi-disciplinary specialty 
consults, personalized testing, integrated care complexes 
critical for good outcomes. 


While workload could be optimized via team-based care 
with physician extenders, automation tools, remote 
expertise sharing - abandoning professional decision 
stewardship risks suboptimal, unsafe therapeutic choices 
detrimentally impacting cancer survival and quality of life 
through 2050. The term “downgraded” may not accurately 
capture the potential for positive transformation in 
healthcare delivery that maintains high standards of care 
while adapting to changing technologies and societal 
needs. In conclusion, the delivery of professional healthcare 
for cancer can be optimized and made more efficient with 
the help of technology, policy reforms, and innovative care 
models. However, the focus should always be on 
maintaining or enhancing the quality of care, ensuring 
equitable access, and meeting the comprehensive needs 
of patients. 
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Will huge global cancer networks of integrated day 
centres become the best way to deliver optimal 
care? 

The concept of creating large global cancer networks of 
integrated day care centres, leveraging common protocols, 
massive purchasing power, and reduced variability to 
deliver optimal care, represents a forward-thinking 
approach to transforming cancer care delivery. This model 
has several potential advantages, especially for those who 
can afford access to such networks, and it aligns with 
broader trends in healthcare towards standardization, 
efficiency, and globalization. Here’s how such a model 
could shape the future of cancer care: 


Standardisation of care: Implementing common protocols 
across the network can ensure that all patients receive care 
based on the latest evidence and best practices, reducing 
variability and potentially improving outcomes. 


Economies of scale: Massive, purchasing power for drugs, 
medical supplies, and technology can reduce costs, 
making cutting-edge treatments more accessible within 
the network. 


Accessibility and convenience: Integrated day care centres, 
particularly in underserved areas, can make high-quality 
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cancer care more accessible to patients, reducing the need 
for travel and long hospital stays. 


Innovation and research: Such networks can facilitate 
large-scale research and clinical trials, accelerating the 
development of new treatments and the dissemination of 
innovation across the network. 


Tailored patient experiences: The focus on day care centres 
emphasizes less invasive treatments, outpatient care, and 
the importance of quality of life for patients, tailored to their 


specific needs. 
_ 


6¢ Implementing 
common protocols 
across the network 
can ensure that all 
patients receive care 
based on the latest 
evidence and best 
practices, reducing 
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potentially improving 
outcomes. °> 


Knowledge diffusion: Rapid 
transfer of expertise via 
telemedicine, Al aids, 
physician collaboration, 
community upgrades for 
care quality at network sites 
in low-resource areas 
bringing care closer to 
patients. 


Global referral hubs: For 
complex cases, seamless 
transfers and virtual tumour 
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boards with network flagship centres composed of world- 
leading multi-disciplinary teams maximises access to the 
pinnacle of cancer care worldwide. 


Holistic support: Shared psychosocial, nutrition, wellness, 
survivorship programs across all sites maintained through 
partnerships with leading health NGOs and charities 


Standardization of care: Networks can establish evidence- 
based care protocols, best practices that minimize 
variability and prevent under/over-treatment across the 
system. This also simplifies continuous improvement. 


Economies of scale: Bulk purchasing, shared infrastructure for 
specialized services (radiology, genomics, etc) and 


leveraging system data 
re | 


drive costs down, aiding 
CC By connecting affordability. ~70% savings 
public and private projected for some 
entities worldwide =— erar'es: 
into massive care 
collectives centred 
around regional 
cancer hubs, networks 
can democratize 
access to 
standardized best-in- 
class affordable 
cancer services 
integrated under one 
roof closer to home 
for more patients 
globally by 2050. >° 


By connecting public and 
private entities worldwide 
into massive care 
collectives centred around 
regional cancer hubs, 
networks can democratize 
access to standardized 
best-in-class affordable 
cancer services integrated 
under one roof closer to 
home for more patients 
globally by 2050. The 
concept of huge global 
cancer networks of 
integrated day care centres 
has potential benefits and 
drawbacks, and its 
feasibility as the sole solution for optimal cancer care 
requires careful consideration: 


Challenges and limitations 

Affordability: Even with reduced costs, treatment within such 
a network might still be prohibitively expensive for many 
patients, potentially exacerbating existing disparities in 
access to quality cancer care. 


Ethical considerations: Limiting optimal care to those who 
can afford it raises ethical concerns about equity and 
justice in healthcare access. 


Cultural and individual needs: Standardized protocols might 
not always consider individual patient needs and cultural 
contexts, potentially leading to less personalized and 
holistic care. 


Accessibility limitations: Establishing day care centers 
globally faces logistical challenges and might not be 
feasible in all regions, potentially creating further disparities 
in access. 


Potential for profit over care: Concerns exist about prioritizing 
profitability over patient well-being within such a large- 
scale network, potentially compromising the quality of care. 


Alternative approaches 

Strengthening public healthcare systems: Investing in and 
improving existing public healthcare systems can ensure 
equitable access to essential cancer care for all citizens, 
regardless of their financial ability. 


Global collaboration and knowledge sharing: Fostering 
international collaboration among healthcare 
professionals and institutions can promote knowledge 
sharing, research advancements, and development of 
cost-effective treatment options that benefit a wider 
population. 


Telehealth and technology utilization: Leveraging telehealth 
technologies can expand access to specialist 
consultations, remote monitoring, and support services, 
potentially bridging geographical gaps and improving 
distribution of quality care. In summary, global cancer 
networks of integrated day care centres represent a 
promising direction for the future of cancer care, offering a 
model that combines quality, efficiency, and innovation. 
However, realizing this vision will require addressing 
significant challenges, particularly around equity, 
regulatory alignment, and adapting to local contexts. With 
thoughtful implementation, such networks could indeed 
become a key component of global healthcare, delivering 
optimal care to those who can afford it while also 
contributing to broader efforts to improve access and 
outcomes for all patients. 


Challenges and considerations 

While this model could offer optimal care for those who can 
afford it, a critical challenge lies in ensuring that such 
advancements do not exacerbate healthcare disparities. 
Strategies to subsidize care for low-income patients or 
integrate with public health systems could be necessary. 
Global networks must adapt to cultural, legal, and 
healthcare infrastructure differences across regions. 
Customizing protocols to fit local contexts while 
maintaining care quality is essential. Sharing patient data 
across countries and systems raises significant data 
privacy and security concerns that must be addressed 
through robust protocols and compliance with 
international standards. Aligning care protocols across 
different regulatory environments can be complex. 
International partnerships and collaborations may be 
needed to navigate these challenges effectively. 


The way forward 

To make such networks a reality and a positive force for 
global health equity, collaboration between governments, 
private entities, NGOs, and healthcare providers is crucial. 
Policies and frameworks that encourage innovation while 
protecting patient rights and promoting equity will be 
essential. Additionally, leveraging technology (e.g., telehealth, 
Al, digital health platforms) can enhance the reach and 
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efficiency of these networks While the idea of global cancer 
networks offering standardized care has potential 
advantages, it’s crucial to acknowledge the limitations and 
ethical concerns. Focusing solely on such networks as the 
solution would exacerbate existing disparities and limit 
access to optimal care for many. Instead, efforts should focus 
on strengthening public healthcare systems, promoting 
global collaboration, and utilizing technology to ensure 
equitable access to high-quality cancer care for alll, 
regardless of their financial resources. 


In summary, global cancer networks of integrated day care 
centres represent a promising direction for the future of 
cancer care, offering a model that combines quality, 
efficiency, and innovation. However, realizing this vision will 
require addressing significant challenges, particularly 
around equity, regulatory alignment, and adapting to local 
contexts. With thoughtful implementation, such networks 
could indeed become a key component of global 
healthcare, delivering optimal care to those who can afford 
it while also contributing to broader efforts to improve 
access and outcomes for all patients. 


While the idea of global cancer networks offering 
standardized care has potential advantages, it’s crucial to 
acknowledge the limitations and ethical concerns. 
Focusing solely on such networks as the solution would 
exacerbate existing disparities and limit access to optimal 
care for many. Instead, efforts should focus on 
strengthening public healthcare systems, promoting global 
collaboration, and utilizing technology to ensure equitable 
access to high-quality cancer care for all, regardless of 
their financial resources. 


What are the biggest workforce shortages in cancer 
care? 


As of my last update in April 2023, the cancer care 
workforce was facing several significant shortages across 
various disciplines, and these challenges are expected to 
persist and possibly intensify by 2050 unless substantial 
efforts are made to address them. The biggest workforce 
shortages in cancer care include: 


Oncologists: There is a growing shortage of medical 
oncologists due to an increasing number of cancer cases 
worldwide, an aging population, and the retirement of 
current oncologists. This shortage is exacerbated by the 
expanding complexity of cancer treatment, which demands 
more time per patient for personalized care plans. 


Surgical oncologists: Workforce gaps are projected for 
surgeons skilled in complex, minimally invasive cancer 
surgeries as demand increases, especially those 
combining emerging technologies like robotics, Al and 
augmented reality assistance. 


Oncology nurses: Oncology nursing is another critical area 
facing shortages. Nurses play a vital role in patient care, 
education, and support throughout the cancer journey. The 
demand for oncology nursing services is increasing as the 
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number of cancer patients rises and treatments become 
more complex. Burnout and high turnover rates contribute 


to the shortage in this field. 


Radiographers-radiation therapists: As cancer treatment 
technologies advance, the need for skilled radiation 
therapists to operate sophisticated equipment and deliver 
precise treatments increases. However, educational 
programs for radiation therapy are limited in number, 
leading to a gap between the demand for qualified 


professionals and the supply. 


Pathologists: Pathologists who specialize in diagnosing 
cancer through the examination of tissue samples are in 
short supply. The precision required for diagnosing various 
types of cancer, coupled with advancements in molecular 
pathology, puts a premium on highly trained specialists in 


this area. 


=a 

6¢ There is a growing 
shortage of medical 
oncologists due to an 


Pharmacists: The 
development of new 
cancer drugs and 
personalized medicine 
approaches has increased 


the need for pharmacists 
with specialized knowledge 
in oncology. These 
professionals are crucial for 
managing complex 
medication regimens, 
counseling patients, and 
ensuring the safe and 
effective use of 
chemotherapy and other 
cancer treatments. 


increasing number of 
cancer cases 
worldwide, an aging 
population, and the 
retirement of current 
oncologists. This 
shortage is 
exacerbated by the 
expanding complexity 
of cancer treatment, 
which demands more 
time per patient for 
personalized care 
plans. °° 


Palliative care professionals: 
As awareness of the 
importance of quality of life 
for cancer patients grows, 
so does the demand for 
palliative care services. This 
includes not only physicians but also nurses, social workers, 
and other support staff trained to address the physical, 
emotional, and spiritual needs of patients and their families. 


Mental health professionals: The psychological impact of a 
cancer diagnosis and treatment can be profound, creating 
a significant need for mental health professionals who 
specialize in supporting cancer patients and their families. 
This includes psychologists, psychiatrists, and counsellors 
skilled in addressing the unique challenges faced by those 
dealing with cancer. 


Research scientists: While not directly involved in patient 
care, research scientists focused on oncology are critical 
for advancing our understanding of cancer and developing 
new treatments. Funding constraints, competitive 
academic environments, and the need for interdisciplinary 
expertise contribute to shortages in this area. 
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Efforts to address these shortages may include expanding shape the future global workforce in cancer care: 
and incentivizing education and training programs for 
these professions, implementing policies to improve Increased specialization: As our understanding of cancer 
work-life balance and reduce burnout, and leveraging deepens, there will be a greater need for specialists in 
technology, such as telemedicine and artificial intelligence, specific types of cancer, molecular genetics, and 
to extend the reach of the existing workforce. Additionally, personalized medicine. This will lead to more specialized 
promoting interdisciplinary collaboration and rethinking roles within oncology, including genetic counsellors, 
care delivery models can help optimize the use of available = molecular pathologists, and specialists in targeted 
resources and improve access to care for cancer patients. therapies, requiring additional training and education 
Proactive training programs, improved compensation programs. 
incentives, efficient leveraging of telemedicine, robotic 
automation and multidisciplinary cancer care models will Interdisciplinary teams: Cancer care will increasingly be 
help ease shortages. But strategic workforce planning is delivered by interdisciplinary teams that include not only 
crucial to meet full-spectrum cancer patient needs by medical, surgical, and radiation oncologists, but also 
2050. nutritionists, physiotherapists, palliative care specialists, 
and mental health professionals. This approach will support 
The biggest workforce shortages in cancer care are comprehensive care that addresses all aspects of the 
complex and multifaceted, varying across different regions —_ patient's health and well-being. 
and healthcare systems. However, some of the most 
concerning global trends include: ane | Leveraging technology and Al: 
° The integration of artificial 
Aging workforce: Many experienced oncologists are 6¢Addressing the erates machine learning, 
approaching retirement age, leading to a potential gap in workforce shortages and digital health 
expertise and leadership. in cancer care technologies into cancer care 
requires a multi- will augment the capabilities 
Geographic disparities: Shortages are often more faceted approach of the healthcare workforce. Al 
pronounced in rural areas, underserved communities, and involving could assist in diagnostic 
low- and middle-income countries. collaboration processes, treatment 
planning, and monitoring, 
Increased demand: The rising incidence and prevalence of between reducing the workload on 
cancer, coupled with advancements in treatment options, governments, clinicians and allowing them 
is creating a greater demand for oncologists. healthcare to focus on patient care. 


institutions, Telemedicine and remote 


Burnout and high stress: The demanding nature of oncology educational monitoring will also enable 


care, often involving complex treatment regimens and ° ° ° care delivery to underserved 
emotional support for patients, can lead to high burnout institutions, and areas, expanding access to 
rates and turnover. professional oncology services. 
organizations. °° 
Competition from other specialties: Oncology nurses may be Global collaboration and 
drawn to other specialties offering potentially better telehealth: Advances in 
work-life balance or higher salaries. telehealth and digital 
communication will facilitate global collaboration among 
Addressing the workforce shortages in cancer care requires cancer care professionals. Experts from around the world 
a multi-faceted approach involving collaboration between __ willbe able to consult on complex cases, share knowledge, 
governments, healthcare institutions, educational and contribute to a global understanding of cancer 
institutions, and professional organizations. By treatment and research. This will also help mitigate 
implementing comprehensive strategies, we can ensure workforce shortages in regions with limited access to 
equitable access to high-quality cancer care for all specialized care. 
patients in the future. 
Task shifting: Away from physician providers. This task 
How will the configuration of the global workforce _ shifting will require redefinition of roles and additional 
to treat cancer change? training but can help expand the capacity of the healthcare 
By 2050, the configuration of the global workforce to treat system to meet the growing demand for cancer care. 
cancer is expected to undergo significant changes driven 
by technological advancements, demographic shifts, and Sustainability and well-being: Recognizing the high rates of 
evolving healthcare needs. These changes will aim to burnout among oncology professionals, future workforce 
address current and anticipated challenges, including planning will incorporate strategies to promote 
workforce shortages, the rising global cancer burden, and sustainability and well-being. This may include flexible 
the need for personalized and precision medicine. Hereare — working arrangements, support for mental health, and 
some key trends and transformations that are likely to initiatives to foster a positive work environment. 
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Patient advocates and navigators: The role of patient 
advocates and navigators will become more prominent, 
helping patients navigate the complex healthcare system, 
understand their treatment options, and access the care 
they need. This role will be crucial in improving patient 
outcomes and satisfaction. 


Global health equity: Efforts will be made to address 
disparities in cancer care access and outcomes globally. 
This will include initiatives to train and deploy oncology 
professionals in low- and middle-income countries, as well 
as partnerships to support research, education, and 
infrastructure development in underserved regions. 


Cancer care delivery will rely more on flexible, agile teams 
of specialists that expand/contract based on tumour type, 
technology adoption and health system-needs rather than 
fixed departments. This will optimize precise patient- 
centred solutions. By 2050, the global workforce in cancer 
care will need to be adaptable, highly skilled, and 


technologically savvy, with 
Sa 


an emphasis on 
6¢ Psychosocial collaboration, patient- 
OO Ee cat couicanini 
eye ° INUOU | 
critical role isi the meet the challenges of 
comprehensive care 
of cancer patients, 


treating an increasingly 
complex and prevalent 
addressing the 


disease. 


psychological, social, 
and emotional 

aspects of the disease 
and its treatment. °° 


In summary, cancer care in 
2050 will be characterized 
by intelligent task 
allocation, global 
interconnection and 
flexible team dynamics 
around regional anchors of deep expertise rather than 
isolated rigid hierarchies — transforming workforce 
efficiency. Overall, the future of the cancer care workforce 
is likely to be characterized by increased use of 
technology, a shift towards team-based care models, 
evolving roles and skillsets, and ongoing efforts to address 
workforce shortages and ensure equitable access to 
quality care for all. 


How will psychosocial approaches help in the care 
of cancer patients? 

Psychosocial approaches play a critical role in the 
comprehensive care of cancer patients, addressing the 
psychological, social, and emotional aspects of the disease 
and its treatment. By 2050, the integration of psychosocial 
approaches into cancer care is expected to be more 
standardised and recognized as a critical component of 
quality cancer treatment. Overall, psychosocial 
approaches will become increasingly integrated into the 
fabric of cancer care, recognized as essential for 
addressing the whole patient and supporting their journey 
through cancer treatment, recovery, and beyond. Here’s 
how psychosocial approaches will continue to help in the 
care of cancer patients: 
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Improving quality of life: Psychosocial interventions, 
including counselling, support groups, and stress reduction 
techniques, can significantly improve the quality of life for 
cancer patients. These approaches help patients manage 
the emotional burden of cancer, reduce feelings of 
isolation, and improve coping strategies for dealing with 
uncertainty and fear. 


Enhancing treatment adherence: By addressing psychological 
barriers and providing motivational support, psychosocial 
approaches can improve patients’ adherence to cancer 
treatments. Understanding and managing the side effects 
of treatment, addressing financial and logistical concerns, 
and providing emotional support can make it easier for 
patients to complete their prescribed treatment regimens. 


Reducing distress: Cancer diagnosis and treatment can lead 
to significant psychological distress, including anxiety, 
depression, and post-traumatic stress disorder (PTSD). 
Psychosocial interventions are effective in reducing these 
symptoms and improving overall mental health, allowing 
patients to better focus on their recovery and well-being. 


Supporting family and caregivers: Cancer not only affects the 
individuals diagnosed but also their families and 
caregivers. Psychosocial approaches include support for 
these groups, helping them cope with the emotional and 
practical challenges of caring for a loved one with cancer. 
This support can reduce caregiver burnout and improve the 
well-being of the entire support network. 


Facilitating communication: Effective communication 
between patients and their healthcare team is crucial for 
optimal cancer care. Psychosocial interventions can equip 
patients with the skills to communicate their needs, 
preferences, and concerns more effectively, leading to 
more personalized and satisfactory care. 


Addressing survivorship: As cancer survival rates improve, 
more attention is being paid to the long-term psychosocial 
effects of cancer and its treatment. Psychosocial care 
models are evolving to address issues related to 
survivorship, including fear of recurrence, long-term side 
effects, changes in personal identity and relationships, and 
transitioning to life after cancer. 


Integrating digital health: The use of digital health 
technologies, including mobile apps, telehealth, and online 
support communities, will expand access to psychosocial 
care. These technologies can provide patients with 
resources for stress management, mental health support, 
and social connection, regardless of their geographic 
location. 


Policy and advocacy: Efforts to advocate for the inclusion of 
psychosocial care as a standard part of cancer treatment 
will continue, leading to policy changes and the allocation 
of resources to support these services. 

Overall, psychosocial cancer care will move towards 
more proactive, predictive and precise modalities for 
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nurturing mental fitness and social wellbeing - helping 
patients thrive in all aspects of life after cancer. 


Will robots replace human staff in cancer 
treatment centres? 

By 2050, robotics and automation will undoubtedly play a 
more prominent role in cancer treatment, enhancing 
efficiency, precision, and patient care. However, rather than 
replacing human staff, robots are more likely to augment 
and work alongside healthcare professionals, enabling 
them to deliver more effective and personalized care. 
Here’s how robotics could impact cancer treatment centres 
in the future: 


Surgical assistance: Robotic systems, such as the da Vinci 
Surgical System, are already being used to assist surgeons 
in performing complex procedures with greater precision 
and flexibility. By 2050, advancements in robotics will further 
enhance these capabilities, allowing for even more 
minimally invasive surgeries with better outcomes and 
shorter recovery times. Human surgeons will remain 
essential for decision-making, oversight, and managing 
the surgical process, with robots acting as tools to extend 
their capabilities. 


Diagnostic and laboratory automation: Robots and 
automated systems will play a significant role in 
diagnostics, including imaging and laboratory tests. 
Automation can speed up the processing of biopsies, 
blood samples, and other diagnostic procedures, 
improving accuracy and efficiency. Human professionals 
will still be needed to interpret results, make diagnoses, 
and decide on treatment plans. 


Pharmacy automation: Robotics in pharmacy operations can 
help in the precise compounding and dispensing of 
chemotherapy and other cancer medications, reducing the 
risk of errors and exposure to hazardous substances. 
Pharmacists and pharmacy technicians will oversee these 
operations, ensuring that medication management 
remains safe and personalized to each patient's needs. 


Patient care and monitoring: Robots and automated systems 
may assist in patient care, from basic tasks like delivering 
meals and medication to monitoring vital signs and patient 
movement. These technologies can free up nursing staff to 
focus on more complex care needs and spend more time 
interacting with patients and their families. 


Rehabilitation and support: Robotic devices and exoskeletons 
can assist in the rehabilitation of cancer patients, helping 
them regain strength and mobility more effectively. 
Additionally, social robots could provide companionship 
and basic support, particularly for patients with limited 
access to human interaction. Human therapists and social 
workers will guide these interventions, tailoring them to the 
patient's specific needs. 


Smart patient care coordination: Many organizational and 
data lookup tasks like appointment scheduling, treatment 
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reminders and monitoring side effects/drug reactions will 
be automated by Al chatbots and remote patient 
monitoring robots. However nurses will continue providing 
vital emotional support. 


Diagnostic aid: Computer vision applied to medical scans 
will flag potential tumours for human radiologist review and 
provide risk scoring, but human expertise will remain vital 
for nuanced second opinions and communication of 
difficult findings. 


Mobile disinfection and delivery robots: Automated UV 
disinfection robots will routinely clean rooms and 
autonomous mobile robots will efficiently handle transport 
of hazardous chemotherapy agents, linens, and other 
goods around cancer centres. 


Telemedicine and remote care: Robotics and automation will 
enhance telemedicine services, allowing healthcare 
providers to monitor patients’ health and provide 
consultations remotely. This will be particularly beneficial 
for cancer patients in remote or underserved areas, 


improving access to specialist 


care. 
6¢ While robotics 
and automation 
will transform 
many aspects of 
cancer treatment, 
human empathy, 
judgment, and 
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Research and drug discovery: 
Automation and robotics will 
accelerate research into new 
cancer treatments, including 
drug discovery and the 
development of personalized 
medicine approaches. 
Scientists and researchers will 
direct these efforts, using 
robotics to handle high- 
throughput screening and 
data analysis. 


While robotics and automation will transform many 
aspects of cancer treatment, human empathy, judgment, 
and decision-making will remain irreplaceable. Healthcare 
professionals will continue to be at the heart of cancer care, 
with robots serving as tools that enhance their ability to 
provide compassionate and effective treatment. The future 
of cancer treatment automation is likely to be 
characterized by a collaborative approach, where 
technology and human expertise work hand in hand to 
improve patient outcomes. It’s unlikely robots will fully 
replace human staff in cancer treatment centres by 2050, 
but rather take on more supportive roles. 


Robots and automation are likely to become valuable tools 
in cancer care, complementing and enhancing the work of 
human healthcare professionals. However, complete 
replacement of human staff is not a realistic scenario due 
to the inherent complexities and human aspects of cancer 
care. The focus should be on responsible integration of 
these technologies to improve efficiency, precision, and 
ultimately, patient outcomes while ensuring ethical 
considerations and prioritizing human-centred care. 


